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Intel Corporation 
is a leading supplier of microcomputer 
components, 


modules and systems. 
When Intel invented 
the microprocessor 
in 1971, it 


created the era of the microcomputer. 
Today, Intel architectures 
are considered 
world standards. 
Whether used in embedded 
applications 
such as automobiles, 


printers and microwave 
ovens, or as the CPU in personal 
computers, 
client 


servers or supercomputers, 
Intel delivers leading-edge 
technology. 
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HANDBOOK 


1991 


About Our Cover.· 


Thinkers, inventors, and artists throughout 
history have breathed 
life into their ideas by converting 
them into rough working sketches, 
models, 


and products. 
This series of covers shows a few of these creations, 
along 
with the applications 
and products 
created by Intel customers. 
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to update 
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suffix. 


MDS is an ordering 
code only and is not used as a product 
name or trademark. 
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Data Sciences 
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are patented 
processes 
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and 
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of Excelan, 
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Additional 
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CUSTOMER 
SUPPORT 


INTEL'S COMPLETE 
SUPPORT 
SOLUTION 
WORLDWIDE 


Customer Support is Intel's complete support service that provides Intel customers with hardware support, 
software support, customer training, consulting services and network management services. For detailed infor- 
mation contact your local sales offices. 


After a customer purchases any system hardware 
or software product, 
service and support become major 


factors in determining 
whether that product will continue to meet a customer's 
expectations. 
Such support 
requires an international 
support organization and a breadth of programs to meet a variety of customer needs. 


As you might expect, Intel's customer support is extensive. It can start with assistance during your development 
effort to network management. 
100 Intel sales and service offices are located worldwide - in the US., Canada, 


Europe 
and the Far East. So wherever you're using Intel technology, our professional 
staff is within close 


reach. 


HARDWARE SUPPORT 
SERVICES 


Intel's hardware maintenance 
service, starting with complete on-site installation will boost your productivity 
from the start and keep you running at maximum efficiency. Support for system or board level products can be 
tailored to match your needs, from complete on-site repair and maintenance support to economical carry-in or 
mail-in factory service. 


Intel.can provide support service for not only 'Intel systems and emulators, but also support for equipment in 
your development lab or provide service on your product to your end-user/customer. 


SOFfWARE 
SUPPORT 
SERVICES 


Software products 
are supported 
by our Technical Information 
Service (TIPS) that has a special toll free 


number to provide you With direct, ready information on known, documented 
problems and deficiencies, as 


well as work-arounds, patches and other solutions. 


Intel's software support consists of two levels of contracts. Standard support includes TIPS (Technical Infor- 
mation 
Phone 
Service), 
updates 
and 
subscription 
service 
(product-specific 
troubleshooting 
guides 
and; 


COMMENTS Magazine). Basic support consists of updates and the subscription service. Contracts are sold in 
environments which represent product groupings (e.g., iRMX® environment). 


NETWORK 
SERVICE AND SUPPORT 


Today's broad spectrum of powerful networking capabilities are only as good as the customer support provided 
by the vendor. Intel offers network services and support structured to meet a wide variety of end-user comput- 
ing needs. From a ground up design of your network's physical and logical design to implementation, 
installa- 
tion and network wide maintenance. 
From software products to turn-key system solutions; Intel offers the 


customer a complete networked solution. With over 10 years of network experience in both the commercial 
and Government 
arena; network products, services and support from Intel provide you the most optimized 
network offering in the industry. 


CONSULTING 
SERVICES 


Intel provides field system engineering consulting services for any phase of your development 
or application 
effort. You can use our system engineers in a variety of ways ranging from assistance in using a new product, 
developing an application, personalizing training and customizing an Intel product to providing technical and 
management 
consulting. Systems Engineers are well versed in technical areas such as microcommunications, 
real-time applications, embedded 
microcontrollers, 
and network services. You know your application needs; 
we know our products. Working together we can help you get a successful product to market in the least 
possible time. 


CUSTOMER 
TRAINING 


Intel offers a wide range of instructional programs covering various aspects of system design and implementa- 
tion. In just three to ten days a limited number of individuals learn more in a single workshop than in weeks of 
self-study. For optimum convenience, workshops are scheduled regularly at Training Centers worldwide or we 
can take our workshops to you for on-site instruction. Covering a wide variety of topics, Intel's major course 
categories include: architecture 
and assembly language, programming and operating systems, BITBUSTN 
and 
LAN applications. 
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DATA SHEET DESIGNATIONS 


Intel uses various data sheet markings to designate each phase of the document as it 
relates to the product. The marking appears in the upper, right-hand corner of the data 
sheet. The following is the definition of these markings: 


Data Sheet Marking 


Product Preview 


Description 


Contains information on products in the design phase of 
development. 
Do 
not 
finalize 
a 
design 
with 
this 


information. Revised information will be published when 
the product becomes available. 


Contains information 
on products 
being sampled or in 
the initial production phase of development. * 


Contains 
preliminary 
information 
on new products 
10 
production. * 


Contains information on products in full production. * 


Advanced Information 


Preliminary 


No Marking 


"Speciflcations within these data sheets are subject to change without notice. Verify with your local Intel sales 
office that you have the latest data sheet before finalizing a design. 
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80186/188/C186/C188 
1 
Data Sheets 


• 
Available in 10 MHz (80186-10) and 8 
MHz (80186) Versions 


• 
High-Performance 
Processor 
- 
4 MByte/Sec 
Bus Bandwidth 
Interface 
@ 8 MHz 
- 
5 MByte/Sec Bus Bandwidth 
Interface 
@ 10 MHz 


• 
Direct Addressing Capability to 1 
MByte of Memory and 64 KByte 1/0. 


- 
. 
- 
Through 8087 Interface 


• 
Available in 68 Pin: 
- 
Plastic Leaded Chip Carrier (PLCC) 


- 
Ceramic Pin Grid Array (PGA) 
- 
Ceramic Leadless Chip Carrier (LCC) 


(See 
Packaging 
Outlines 
and Dimensions, 
Order 
# 231369) 


• 
Available in EXPRESS 
- 
Standard Temperature with Burn-In 


- 
Extended Temperature 
Range 
( - 40°C to + 85°C) 
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Figure 1.80186 Block Diagram 
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1989 
Order Number. 210451-()11 


80186 


The Intel 80186 is a highly integrated 16·bit microprocessor. The 80186 effectively combines 15-20 of the 
most common 8086 system components onto one. The 80186 provides two times greater throughput than the 
standard 5 MHz 8086. The 80186 is upward compatible with 8086 and 8088 software and adds 10 new 
instruction types to the existing set. 
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Table 1. 80186 Pin Description 


Symbol 
Pin No. 
Type 
Name and Function 
Vcc 
9 
I 
System Power: + 5 volt power supply. 
43 
Vss 
26 
I 
System Ground. 


60 


RESET 
57 
0 
Reset Output indicates 
that the 80186 CPU is being reset, and can be 


used as a system reset. It is active HIGH, synchronized 
with the 
processor 
clock, and lasts an integer Sumber of clock periods 
corresponding 
to the length of the RE 
signal. 


X1 
59 
I 
Crystal Inputs X1 and X2 provide external connections 
for a 
X2 
58 
0 
fundamental 
mode parallel resonant 
crystal for the internal oscillator. 


Instead of using a crystal, an external clock may be applied to X1 
while minimizing 
stray capacitance 
on X2. The input or oscillator 
frequency 
is internally 
divided by two to generate 
the clock signal 


(CLKOUT). 


CLKOUT 
56 
0 
Clock Output provides the system with a 50% duty cycle waveform. 
All device pin timings are spec'fied 
relative to CLKOUT. 


RES 
24 
I 
An active RES causes the 80186 to immediately 
terminate 
its present 
activity, clear the internal 
logic, and enter a dormant 
state. This signal 
may be asynchronous 
to the 80186 clock. The 80186 begins fetching 
instructions 
approximately 
6% clock cycles after RES is returned 
HIGH. For proper initialization, vcc must be within specifications 
and 


the clock signal must be stable for more than 4 clocks with RES held 
LOW. RES is internally 
synchronized. 
This input is provided with a 
Schmitt-trigger 
to facilitate 
power-on 
RES generation 
via an RC 
network. 


TEST 
47 
110 
TEST is examined 
by the WAIT instruction. 
If the TEST input is HIGH 


when "WAIT" 
execution 
begins, instruction 
execution 
will suspend. 


TEST will be resampled 
until it goes LOW, at which time execution 
will 


r 
resume. If interrupts 
are enabled while the 80186 is waiting for TEST, 


interrupts 
will be serviced. 
During power-up, 
active RES is required to 


configure 
TEST as an input. This pin is synchronized 
internally. 


TMR IN 0 
20 
I 
Timer Inputs are used either as clock or control 
signals, depending 
TMR IN 1 
21 
I 
upon the programmed 
timer mode. These inputs are active HIGH (or 
LOW-to-HIGH 
transitions 
are counted) 
and internally 
synchronized. 


TMROUTO 
22 
0 
Timer outputs are used to provide single pulse or continous 
waveform 
TMR OUT 1 
23 
0 
generation, 
depending 
upon the timer mode selected. 


DROO 
18 
I 
DMA Request 
is asserted 
HIGH by an external device when it is ready 
DR01 
19 
I 
for DMA Channel 
0 or 1 to perform 
a transfer. 
These signals are level- 


triggered 
and internally 
synchronized. 


NMI 
46 
I 
The Non-Maskable 
Interrupt 
input causes a Type 2 interrupt. 
An NMI 


transition 
from LOW to HIGH is latched and synchronized 
internally, 


l- 
and initiates the interrupt at the next instruction 
boundary. 
NMI must 


be asserted 
for at least one clock. The Non-Maskable 
Interrupt 
cannot 
be avoided by programming. 


INTO 
45 
I 
Maskable 
Interrupt 
Requests 
can be requested 
by activating 
one of 


INT1/SELECT 
44 
I 
these pins. When configured 
as inputs, these pins are active HIGH. 


INT2/1NTAO 
42 
1/0 
Interrupt 
Requests 
are synchronized 
internally. 
INT2 and INT3 may be 


INT3/1NTA 1IIRO 
41 
1/0 
configured 
to provide active-LOW 
interrupt-acknowledge 
output 


signals. All interrupt 
inputs may be configured 
to be either edge- or 


level-triggered. 
To ensure recognition, 
all interrupt 
requests 
must 


remain active until the interrupt is acknowledged. 
When Slave Mode 


is selected, 
the function 
of these pins changes 
(see Interrupt 


Controller 
section of this data sheet). 
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Table 1.80186 
Pin Description 
(Continued) 


Symbol 
Pin 
Type 
Name and Function 
No. 


A19/S6 
65 
0 
Address 
Bus Outputs 
(16-19) 
and Bus Cycle Status (3-6) 
indicate the four 
A18/S5 
66 
0 
most significant 
address bits during T 1. These signals are active HIGH. During 
A17/S4 
67 
0 
T2, T3, Tw, and T4, the S6 pin is LOW to indicate a CPU-initiated 
bus cycle or 
A16/S3 
68 
0 
HIGH to indicate a DMA-initiated 
bus cycle. During the same T-states, 
S3, S4, 
and S5 are always LOW. The status pins float during bus HOLD or RESET. 


AD15 
1 
I/O 
Address/Data 
Bus (0-15) 
signals constitute 
the time multiplexed 
memory or 
AD14 
3 
I/O 
I/O address 
(T 1) and data (T2, T3, Tw, and T4) bus. The bus is active HIGH. 


AD13 
5 
110 
Aa is analogous 
to BHE for the lower by1e of the data bus, pins 07 through 
Do. 
AD12 
7 
I/O 
It is LOW during T1 when a by1e is to be transferred 
onto the lower portion of 
AD11 
10 
I/O 
the bus in memory or I/O operations. 


AD10 
12 
I/O 
AD9 
14 
- I/O 
AD8 
16 
I/O 
AD7 
2 
I/O 
AD6 
4 
I/O 
AD5 
6 
I/O 
AD4 
8 
I/O 
AD3 
11 
I/O 
AD2 
13 
110 
AD1 
15 
I/O 
ADO 
17 
I/O 


BHE/S7 
64 
0 
During T1 the Bus High Enable signal should be used to determine 
if data is to 
be enabled onto the most significant 
half of the data bus; pins 015-08. 
BHE is 
LOW during T1 for read, write, and interrupt acknowledge 
cycles when a by1e 
is to be transferred 
on the higher half of the bus. The S7 status information 
is 
available 
during T2, T3, and T4. S7 is logically equivalent 
to BHE. BHE/S7 
floats during HOLD. 


BHE and AO Encodlngs 


BHE 
AO 
Function 


I 


Value 
Value 


0 
0 
Word Transfer 
0 
1 
By1e Transfer 
on upper half of data bus (015-08) 
1 
0 
By1e Transfer 
on lower half of data bus (Or Do) 
1 
1 
Reserved 


ALE/QSO 
61 
0 
Address 
Latch Enable/Queue 
Status 0 is provided 
by the 80186 to latch the 
address. ALE is active HIGH. Addresses 
are guaranteed 
to be valid on the 
trailing edge of ALE. The ALE rising edge is generated 
off the rising edge of 
the CLKOUT 
immediately 
preceding 
T 1 of the associated 
bus cycle, effectively 
one-half 
clock cycle earlier than in the 8086. The trailing edge is generated 
off 
the CLKOUT 
rising edge in T 1 as in the 8086. Note that ALE is never floated. 


WR/QS1 
63 
0 
Write Strobe/Queue 
Status 1 indicates 
that the data on the bus is to be written 
into a memory or an I/O device. WR is active for T2, T3, and Tw of any write 
cycle. It is active LOW, and floats during HOLD. When the 80186 is in queue 
status mode, the ALE/QSO 
and WR/QS1 
pins provide information 
about 
processor/instruction 
queue interaction. 


QS1 
QSO 
Queue Operation 


0 
0 
No queue operation 
0 
1 
First opcode 
by1e fetched from the queue 
1 
1 
Subsequent 
by1e fetched 
from the queue 
1 
0 
Empty the queue 
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Table 1.80186 
Pin Description 
(Continued) 


Symbol 
Pin No. 
Type 
Name and Function 


RD/QSMD 
62 
110 
Read Strobe is an active LOW signal which indicates 
that the 80186 is 
performing 
a memory or 1/0 read cycle. It is guaranteed 
not toJE LOW 
before the AID bus is floated. An internal pull-up ensures that RD is 
HIGH during RESET. Following 
RESET the pin~ampled 
to determine 
whether the 80186 is to provide ALE, RD, and WR, or queue status 
information. 
To enable Queue Status Mode, RD must be connected 
to 
GND. RD will float during bus HOLD. 


ARDY 
55 
I 
Asynchronous 
Ready informs the 80186 that the addressed 
memory 
space or 110device will complete 
a data transfer. 
The ARDY pin 
accepts 
a rising edge that is asynchronous 
to CLKOUT, 
and is active 
HIGH. The falling edge of ARDY must be synchronized 
to the 80186 
clock. Connecting 
ARDY HIGH will always assert the ready condition 
to 
the CPU. If this line is unused, it should be tied LOW to yield control 
to 
the SRDY pin. 


SRDY 
49 
I 
Synchronous 
Ready informs the 80186 that the addressed 
memory 
space or 1/0 device will complete 
a data transfer. 
The SRDY pin 
accepts 
an active-HIGH 
input synchronized 
to CLKOUT. 
The use of 
SRDY allows a relaxed system timing over ARDY. This is accomplished 
by elimination 
of the one-half 
clock cycle required to internally 
synchronize 
the ARDY input signal. Connecting 
SRDY high will always 
assert the ready condition 
to the CPU. If this line is unused, it should be 
tied LOW to yield control 
to the ARDY pin. 


LOCK 
48 
0 
LOCK output indicates 
that other system bus masters are not to gain 
control of the system bus while LOCK is active LOW. The LOCK signal 
is requested 
by the LOCK prefix instruction 
and is activated 
at the 
beginning 
of the first data cycle associated 
with the instruction 
following 


the LOCK prefix. It remains active until the completion 
of that 
instruction. 
No instruction 
prefetching 
will occur while LOCK is asserted. 


When executing 
more than one LOCK instruction, 
always make sure 
there are 6 bytes of code between 
the end of the first LOCK instruction 
and the start of the second 
LOCK instruction. 
LOCK is driven HIGH for 
one clock during RESET and then floated. 


SO 
52 
0 
Bus cycle status SO-S2 
are encoded 
to provide bus-transaction 
S1 
53 
0 
information: 


S2 
54 
0 
80186 Bus Cycle Status Information 


S2 
S1 
SO 
Bus Cycle Initiated 


0 
0 
0 
Interrupt 
Acknowledge 
0 
0 
1 
Read 1/0 
0 
1 
0 
Write 1/0 
0 
1 
1 
Halt 
1 
0 
0 
Instruction 
Fetch 
1 
0 
1 
Read Data from Memory 
1 
1 
0 
Write Data to Memory 
1 
1 
1 
Passive (no bus cycle) 


The status pins float during HOLD. 
S2 may be used as a logical MIIO indicator, 
and S1 as a DTIR 
indicator. 
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This line is not floated 
during bus HOLD. The address range activating 
LCS is software 
programmable. 


MCSO 
38 
0 
Mid-Range 
Memory Chip Select signals are active LOW when a memory 
MCS1 
37 
0 
reference 
is made to the defined 
mid-range 
portion of memory 
MCS2 
36 
0 
(8K-512K). 
These lines are not floated 
during bus HOLD. The address 
MCS3 
35 
0 
ranges activating 
MCSO-3 
are software 
programmable. 


PCSO 
25 
0 
Peripheral 
Chip Select signals 0-4 
are active LOW when a reference 
is 
PCS1 
27 
0 
made to the defined peripheral 
area (64K byte 1/0 space). These lines 
PCS2 
28 
0 
are not floated 
during bus HOLD. The address ranges activating 
PCS3 
29 
0 
PCSO-4 
are software 
programmable. 
PCS4 
30 
0 


PCS5/A1 
31 
0 
Peripheral 
Chip Select 5 or Latched A 1 may be programmed 
to provide 
a sixth peripheral 
chip select, or to provide an internally 
latched A 1 
signal. The address range activating 
PCS5 is software-programmable. 


PCS51 A 1 does not float during bus HOLD. When programmed 
to 
provide latched A 1, this pin will retain the previously 
latched value during 
HOLD. 


PCS6/A2 
32 
0 
Peripheral 
Chip Select 6 or Latched A2 may be programmed 
to provide 
a seventh 
peripheral 
chip select, or to provide an internally 
latched A2 
.,. 
signal. The address range activating 
PCS6 is software 
programmable 
. 


.l 
PCS61 A2 does not float during bus HOLD. When programmed 
to 
provide latched A2, this pin will retain the previously 
latched value during 
HOLD. 


DTIR 
40 
0 
Data Transmit/Receive 
controls 
the direction 
of data flow through 
an 
external data bUS transceiver. 
When LOW, data is transferred 
to the 
80186. When HIGH the 80186 places write data on the data bus. 


DEN 
39 
0 
Data Enable is provided as a data bus transceiver 
output enable. 
DEN is 


- 
active LOW during each memory and 1/0 access. 
DEN is HIGH 
whenever 
DT IR changes 
state. During RESET, DEN is driven HIGH for 
one clock, then floated. 
DEN also floats during HOLD. 
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80186 


Introduction 


The following 
Functional 
Description 
describes 
the 
base architecture 
of the 80186. The 80186 is a very 
high integration 
16-bit microprocessor. 
It combines 
15-20 
of the most common 
microprocessor 
system 
components 
onto one chip while providing 
twice the 
performance 
of the standard 
8086. The 80186 is ob- 
ject code compatible 
with the 8086/8088 
microproc- 
essors 
and 
adds 
10 new 
instruction 
types 
to the 
8086/8088 
instruction 
set. 


80186 BASE ARCHITECTURE 


The 8086,8088,80186, 
and 80286 family all contain 
the same basic set of registers, 
instructions, 
and ad- 
dressing 
modes. 


Register Set 


The 80186 
base architecture 
has fourteen 
registers 
as shown 
in Figures 3a and 3b. These 
registers 
are 
grouped 
into the following 
categories. 


General 
Registers 


Eight 16-bit general 
purpose 
registers 
may be used 
for arithmetic 
and 
logical 
operands. 
Four of these 
(AX, ex, ex, and OX) can be used as 16-bit registers 
or split into pairs of separate 
8-bit registers. 


Segment 
Registers 


Four 16-bit special 
purpose 
registers 
select, 
at any 


given time, the segments 
of memory 
that are imme- 


diately 
addressable 
for -code, 
stack, 
and data. 
(For 
usage, refer to Memory 
Organization.) 


Base and Index Registers 


Four of the general 
purpose 
registers 
may also be 
used to determine 
offset 
addresses 
of operands 
in 
memory. These registers 
may contain 
base address- 


es or indexes 
to particular 
locations 
within 
a seg- 
ment. The addressing 
mode selects the specific 
reg- 


isters for operand 
and address 
calculations. 


Status and Control 
Registers 


Two 16-bit special 
purpose 
registers 
record 
or alter 
certain aspects 
of the 80186 processor 
state. These 
are the Instruction 
Pointer 
Register, 
which 
contains 
the offset 
address 
of the next sequential 
instruction 


to be executed, 
and the Status Word Register, which 
contains 
status and control 
flag bits (see Figures 3a 
and 3b). 


Status Word Description 


The Status Word records 
specific 
characteristics 
of 
the result of logical 
and arithmetic 
instructions 
(bits 
0, 2, 4, 6, 7, and 11) and controls 
the operation 
of 
the 80186 within 
a given operating 
mode 
(bits 8, 9, 


and 10). The Status Word 
Register 
is 16-bits 
wide. 
The 
function 
of the 
Status 
Word 
bits 
is shown 
in 


Table 2. 


, ••••• IT 


REGISTER 


NAME 


o 
7- 


AH 
AL 


OH 
DL 


CH 
Cl 


BH 
BL 


BYTE 


ADDRESSABLE 
(••••• IT 


REGISTER 


NAMES 


SHOWN) 
\: 


ex 


ex 


BP 


SI 


DI 


'5 


GENERAL 
REGISTERS 


SPEC1AL 
.5 
REGISTER 


FUNCTIONS 


~ 


cs 
CODE 
SEGMENT 
SELECTOR 


os 
OAT A SEGMENT 
SELECTOR 


MUl TIPl Y IDIVlOE 
1/0 INSTRUCTIONS 
ss 
STACK 
SEGMENT 
SELECTOR 


ES 
EXTRA 
SEGMENT 
SELECTOR 
lOOP/SHIFT/REPEAT/COUNT 


SEGMENT 
REGISTERS 


BASE 
REGISTERS 


'5 


STATUS 
WOAD 
INDEX 
REGISTERS 


IP 
INSTRUCTION 
POINTER 


STACK 
POINTER 
STATUS 
AND (X)NTROl 


REGISTERS 


Figure 3a. 80186 Register 
Set 
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~ 
INlEl 
RESERVED 
210451-4 


STATUS FLAGS: 


CARRY ==~===========~==l--l 


PARITv 


AUXILIARY 
CARRY 


ZERO 
-------,------, 


SIGN 
----------, 
OVERFLOW 


CONTROL 
FLAGS: 


'------- 
TRAP 
FLAG 
'-------- 
INTERRUPTEHAIL£ 


'---------- 
DlAECllON 
FLAG 


Figure 
3b. Status 
Word 
Format 


Table 
2. Status 
Word 
Bit Functions 


Bit 
Name 
Function 
Position, 


0 
CF 
Carry Flag-Set 
on high-order 
bit carry or borrow; cleared 
otherwise 


2 
PF 
Parity Flag-Set 
if low-order 
8 
bits of result contain an even 
number of 1-bits; cleared 
otherwise 


4 
AF 
Set on carry from or borrow to 
the low order four bits of AL; 
cleared 
otherwise 


6 
ZF 
Zero Flag-Set 
if result is zero; 


cleared 
otherwise 


7 
SF 
Sign Flag-Set 
equal to high- 
order bit of result (0 if positive, 
1 if negative) 


8 
TF 
Single Step Flag-Once 
set, a 
single step interrupt occurs 
after the next instruction 
executes. 
TF is cleared 
by the 
single step interrupt. 


9 
IF 
lntarrupt-enable 
Flag-When 
set, maskable 
interrupts 
will 
cause the CPU to transfer 
control to an interrupt vector 
specified 
location. 


10 
OF 
Direction 
Flag-Causes 
string 
instructions 
to auto decrement 
the appropriate 
index register 
when set. Clearing 
OF causes 
auto increment. 


11 
OF 
Overflow 
Flag-Set 
if the 
signed result cannot 
be 
expressed 
within the number 
of bits in the destination 
operand; 
cleared 
otherwise 


Instruction Set 


The instruction 
set is divided 
into seven categories: 
data 
transfer, 
arithmetic, 
shift/rotate/logical, 
string 
manipulation, 
control 
transfer, 
high-level 
instruc- 


tions, 
and processor 
control. 
These 
categories 
are 
summarized 
in Figure 4. 


An 80186 
instruction 
can reference 
anywhere 
from 
zero to several 
operands. 
An operand 
can reside in 
a register, in the instruction 
itself, or in memory. Spe- 
cific operand 
addressing 
modes 
are discussed 
later 


in this data sheet. 


Memory Organization 


Memory 
is organized 
in sets of segments. 
Each seg- 
ment is a linear contiguous 
sequence 
of up to 64K 
(216) 8-bit bytes. Memory 
is addressed 
using a two- 
component 
address 
(a pointer) that consists 
of a 16- 
bit base 
segment 
and 
a 16-bit 
offset. 
The 
16-bit 
base 
values 
are contained 
in one 
of four 
internal 
segment 
register 
(code, 
data, 
stack, 
extra). 
The 
physical 
address 
is calculated 
by shifting 
the base 
value LEFT by four bits and adding the 16·bit offset 
value to yield a 20-bit physical 
address 
(see Figure 
5). This allows for a 1 MByte physical 
address 
size. 


All 
instructions 
that 
address 
operands 
in memory 
must specify the base segment 
and the 16-bit offset 
value. For speed and compact 
instruction 
encoding, 


the segment 
register 
used for physical 
address 
gen- 
eration is implied by the addressing 
mode used (see 
Table 3). These 
rules follow 
the way programs 
are 
written 
(see Figure 6) as independent 
modules 
that 
require areas for code and data, a stack, and access 
to external 
data areas. 


Special 
segment 
override 
instruction 
prefixes 
allow 
the 
implicit 
segment 
register 
selection 
rules 
to be 
overridden 
for special 
cases. 
The stack, 
data, and 
extra segments 
may coincide 
for simple 
programs. 
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Move byte-or word string 
GENERAL 
PURPOSE 
MOVS 


MOV 
Move byte or word 
INS 
Input bytes or word string 


PUSH 
Push word onto stack 
OUTS' 
Output bytes or word string 


POP 
Pop word off stack 
CM PS 
Compare 
byte or word string 
PUSHA 
Push all registers 
on stack 
SCAS 
Sc'an byte or word string 
POPA 
Pop all registers 
from stack 
LODS 
Load byte or word string 
XCHG 
Exchange 
byte or word 
STOS 
Store byte or word string 
XLAT 
Translate 
byte 
REP 
Repeat 
INPUT/OUTPUT 
, 


Repeat 
while equal/zero 
I 
Input byte or word 
REPE/REPZ 
IN 


REPNE/REPNZ 
Repeat while not equal/not 
zero 
Output byte or word 
OUT 
LOGICALS 
ADDRESS 
OBJECT 
NOT 
"Not" 
byte or word 
.t: 
LEA 
Load effective 
address 
AND 
"And" 
byte or word 
,. 


LDS 
Load pointer 
using DS 
OR 
"Inclusive 
or" byte or word 
- 
LES 
. Load pointer 
using ES 
XOR 
"Exclusive 
or" byte or word 
FLAG TRANSFER 
TEST 
"Test" 
byte or word 
-. 
11 


LAHF 
Load AH register from flags 
SHIFTS 
SAHF 
Store AH register 
in flags 
SHLlSAL 
Shift logical/arithmetic 
left byte or word 


PUSHF 
Push flags onto stack 
SHR 
Shift logical right byte or word 


Shift arithmetic 
right byte or word 
Pop flags off stack 
SAR 
POPF 


ROTATES 
ADDITION 


Rotate 
left byte or word 
ROL 
ADD 
Add. byte or word 
ROR 
Rotate 
right byte or word 
ADC 
Add byte or word with carry 
RCL 
Rotate through 
carry left byte or word 
INC 
Increment 
byte or word by 1 
RCR 
Rotate through 
carry right byte or word 
AAA 
ASCII adjust for addition 
FLAG OPERATIONS 
DM 
Decimal 
adjust for addition 
STC 
Set carry flag 
SUBTRACTION. 


CLC 
Clear carry flag 
Subtract 
byte or word 
Complement 
carry flag 
~ 
~- 
SUB 
CMC 
SBB 
Subtract 
byte or word with borrow 
STD 
Set direction 
flag 
DEC 
Decrement 
byte or word by 1 
CLD 
Clear direction 
flag 
., 


NEG 
Negate 
byte or word 
STI 
Set interrupt 
enable flag 
CMP 
Compare 
byte or word 
CLI 
Clear interrupt 
enable flag 
AAS 
ASCII adjust for subtraction 
EXTERNAL 
SYNCHRONIZATIQN 
DAS 
Decimal 
adjust for subtraction 


'HLT 
Halt until interrupt 
or reset 
MULTIPLICATION 
WAIT 
Wait for TEST pin active 
MUL 
Multiply byte or word unsigned 
ESC 
Escape to extension 
processor 
IMUL 
Integer 
multiply byte or word 
LOCK 
Lock bus during next instruction 
MM 
ASCII adjust for multiply 
NO OPERATION 
DIVISION 
NOP 
No operation 
DIV 
Divide byte or word unsigned 
HIGH LEVEL INSTRUCTIONS 
IDIV 
Integer divide byte or word 
ENTER 
Format stack for procedure 
entry 
MD 
ASCII adjust for division 
LEAVE 
Restore 
stack for procedure 
exit 
CBW 
Convert 
byte to word 
BOUND 
Detects 
values outside 
prescribed 
range 
CWD 
Convert 
word to doubleword 


- 
Figure 4. 80186 Instruction 
Set 
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CONDITIONAL 
TRANSFERS 
JO 
Jump if overflow 


JAlJNBE 
Jump if above/not 
below nor equal 
JP/JPE 
Jump if parity/parity 
even 


JAE/JNB 
Jump if above or equal/not 
below 
JS 
Jump if sign 


JB/JNAE 
Jump if below/not 
above nor equal 
UNCONDITIONAL 
TRANSFERS 
. 


JBE/JNA 
Jump if below or equal/not 
above 
CALL 
Call procedure 


JC 
Jump if carry 
RET 
Return from procedure 


JE/JZ 
Jump if equal/zero 
JMP 
Jump 


JG/JNLE 
Jump if greater/not 
less nor equal 
ITERATION 
CONTROLS 


JGE/JNL 
Jump if greater or equal/ not less 
LOOP 
Loop 


JLlJNGE 
Jump if less/ not greater 
nor equal 
LooPE/LOOPZ 
Loop if equal/zero 


JLE/JNG 
Jump if less or equal/ not greater 
LooPNE/LooPNZ 
Loop if not equal/not 
zero 


JNC 
Jump if not carry 
JCXZ 
Jump if register 
CX = 0 


JNE/JNZ 
Jump if not equal/not 
zero 
INTERRUPTS 


JNO 
Jump if not overflow 
INT 
Interrupt 


JNP/JPO 
Jump if not parity/parity 
odd 
INTO 
Interrupt 
if overflow 


JNS 
Jump if not sign 
IRET 
Interrupt 
return 


Figure 
4. 80186 Instruction 
Set (Continued) 


To access operands 
that do not reside in one of the 


four 
immediately 
available 
segments. 
a full 
32·bit 
pointer 
can be used to reload 
both the base 
(seq- 
ment) and offset values. 
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10FFSET 
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PHYSlCAL.ADDRESS 


o 


TOMIMORY 
210451-5 


Figure 
5. Two Component 
Address 


Table 
3. Segment 
Register 
Selection 
Rules 


Memory 
Segment 
Implicit 
Segment 
Reference 
Register 
Selection 
Rule 
Needed 
Used 


Instructions 
Code (CS) 
Instruction 
prefetch 
and 
immediate 
data. 
Stack 
Stack (SS) 
All stack pushes and 
pops; any memory 
references 
which use BP 
Register 
as a base 
register. 
External 
Extra (ES) 
All string instruction 
Data 
references 
which use 
(Global) 
the 01 register as an 
index. 


Local Data 
Data (OS) 
All other data references. 
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Figure 
6. Segmented 
Memory 
Helps 
Structure 
Software 
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Addressing 
Modes 


The 80186 provides eight categories of addressing 
modes to specify operands. Two addressing modes 
are provided for instructions that operate on register 
or immediate operands: 


• 
Register 
Operand 
Mode: The operand is located 
in one of the 8- or 16-bit general registers. 


• 
Immediate 
Operand 
Mode: 
The operand is in- 
cluded in the instruction. 


Six modes are provided to specify the location of an 
operand in a memory segment. A memory operand 
address consists of two 16-bit components: a seg- 
ment base and an offset. The segment base-is sup- 
plied by a 16-bit segment register either implicitly 
chosen by the addressing mode or explicitly chosen 
by a segment override prefix. The offset, also called 
the effective address, is calculated by summing any 
combination of the following three address ele- 
ments: 
• the displacement 
(an 8- or 16-bit immediate value 
contained in the instruction); 


• the base (contents of either the BX or BP base 
registers); and 


• the index (contents of either the SI or 01 index 
registers). 


Any carry out from the 16-bit addition is ignored. 
Eight-bit displacements are sign extended to 16-bit 
values. 


Combinations of these three address elements de- 
fine the six memory addressing modes, described 
below. 


• 
Direct Mode: The operand's offset is contained in 
the instruction as an 8- or 16-bit displacement el- 
ement. 


• 
Register 
Indirect 
Mode: The operand's offset is in 
one of the registers SI, 01, BX, or BP. 


• 
Based Mode: The operand's offset is the sum of 
an 8- or 16-bit displacement and the contents of 
a base register (BX or BP). 


• 
Indexed 
Mode: The operand's offset is the sum 
of an 8- or 16-bit displacement and the contents 
of an index register (SI or 01). 


• 
Based Indexed Mode: The operand's offset is the 
sum of the contents of a base register and an 
Index register. 


• 
Based indexed 
Mode with Displacement: 
The op- 
erand's offset is the sum of a base register's con- 
tents, an index register's contents, and an 8- or 
16-bit displacement. 


Data Types 


The 80186 directly supports the following data 
types: 


• 
Integer: A signed binary numeric value contained 
in an 8-bit byte or a 16-bit word. All operations 
assume 
a 
2's 
complement 
representation. 


Signed 32- and 64-bit integers are supported us- 
ing an 8087 Numeric Data Coprocessor with the 
80186. 


• 
Ordinal: 
An unsigned binary numeric value con- 
tained in an 8-bit byte or a 16-bit word. 
1 


• 
Pointer: A 16- or 32-bit quantity, composed of a 
16-bit offset component or a 16-bit segment base 
component in addition to a 16-bit offset compo- 
nent. 


• 
String: A contiguous sequence of bytes or words. 
A string may contain from 1 to 64K bytes. 


• ASCII: A byte representation of alphanumeric and 
control characters using the ASCII standard of 
character representation. 


• 
BeD: 
A byte (unpacked) representation of the 
decimal digits 0-9. 


• 
Packed 
BeD: A byte (packed) representation of 
two decimal digits (0-9). One digit is stored in 
each nibble (4-bits) of the byte. 


• 
Floating 
Point: A signed 32-, 64-, or 80-bit real 
number representation. (Floating point operands 
are supported using an 8087 Numeric Data Co- 
processor with the 80186.) 


In general, individual data elements must fit within 
defined segment limits. Figure 7 graphically repre- 
sents the data types supported by the 80186. 


I/O Space 


The 1/0 space consists of 64K 8-bit or 32K 16-bit 
ports. Separate instructions address the 1/0 space 
with either an 8-bit port address, specified in the in- 
struction, or a 16-bit port address in the OX register. 
8-bit port addresses are zero extended such that 
A15-Ae 
are LOW. 1/0 
port addresses 00F8(H) 


through OOFF(H)are reserved. 


Interrupts 


An interrupt transfers execution to a new program 
location. The old program address (CS:IP) and ma- 
chine state (Status Word) are saved on the stack to 
allow resumption of the interrupted program. Inter- 
rupts fall into three classes: hardware initiated, INT 
instructions, and instruction exceptions. Hardware 
initiated interrupts occur in response to an external 
input and are classified as non-maskable or maska- 
ble. 
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NOTE: 
·Supported 
by using an 8087 
Numeric 
Data Coproces- 
sor with the 80186. 


Figure 7. 80186 Supported Data Types 


Programs may cause an interrupt with an INT in- 
struction. Instruction exceptions occur when an un- 
usual condition, which prevents further instruction 
processing, is detected while attempting to execute 
an instruction. If the exception was caused by exe- 
cuting an ESC instruction with the ESC trap bit set in 
the relocation register, the return instruction will 
point to the ESC instruction, or to the segment over- 
ride prefix immediately preceding the ESC instruc- 
tion if the prefix was present. In all other cases, the 


return address from an exception will point at the 
instruction 
immediately following 
the 
instruction 
causing the exception. 


A table containing up to 256 pointers defines the 
proper interrupt service routine for each interrupt. In- 
terrupts 0-31, some of which are used for instruc- 
tion exceptions, are reserved. Table 4 shows the 
80186 predefined types and default priority levels. 
For each interrupt, an 8-bit vector must be supplied 
to the 80186 which identifies the appropriate table 
entry. Exceptions supply the interrupt vector inter- 
nally. In addition, internal peripherals and noncas- 
caded external interrupts will generate their own 
vectors through the internal interrupt controller. INT 
instructions contain or imply the vector and allow 
access to all 256 interrupts. Maskable hardware ini- 
tiated interrupts supply the 8-bit vector to the CPU 
during an interrupt acknowledge bus sequence. 
Non-maskable hardware interrupts use a predefined 
internally supplied vector. 


Interrupt Sources 


The 80186 can service interrupts generated by soft- 
ware or hardware. The software interrupts are gen- 
erated by specific instructions (INT, ESC, unused 
OP, etc.) or the results of conditions specified by 
instructions (array bounds check, INTO, DIV, IDIV, 
etc.). All interrupt sources are serviced by an indirect 
call through an element of a vector table. This vector 
table is indexed by using the interrupt vector type 
(Table 4), multiplied by four. All hardware-generated 
interrupts are sampled at the end of each instruc- 
tion. Thus, the software interrupts will begin service 
first. Once the service routine is entered and inter- 
rupts are enabled, any hardware source of sufficient 
priority can interrupt the service routine in progress. 


Those pre-defined 80186 interrupts which cannot be 
masked by programming are described below. 


DIVIDE 
ERROR 
EXCEPTION 
(TYPE 
0) 


Generated when a DIV or IDIV instruction quotient 
cannot be expressed in the number of bits in the 
destination. 


SINGLE-STEP 
INTERRUPT 
(TYPE 
1) 


Generated after most instructions if the TF flag is 
set. Interrupts will not be generated after prefix in- 
structions (e.g., REP), instructions which modify seg- 
ment registers (e.g., POP OS), or the WAIT instruc- 
tion. 


NON-MASKABLE 
INTERRUPT -NMI 
(TYPE 
2) 


An 
external 
interrupt 
source 
which 
cannot 
be 
masked. 
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Table 
4 80186 Interrupt 
Vectors 


Interrupt 
Vector 
Vector 
Default 
Related 
Applicable 
Name 
Type 
Address 
Priority 
Instructions 
Notes 


Divide Error Exception 
0 
OOH 
1 
DIV,IDIV 
1 


Single Step Interrupt 
1 
04H 
1A 
All 
2 


Non-Maskable 
Interrupt 
(NMI) 
2 
08H 
1 
All 


Breakpoint 
Interrupt 
3 
OCH 
1 
INT 
1 


INTO Detected 
Overflow 
Exception 
4 
10H 
1 
INTO 
1 


Array Bounds Exception 
5 
14H 
1 
BOUND 
1 


Unused Opcode 
Exception 
6 
18H 
1 
Undefined 
Opcodes 
1 


ESC Opcode 
Exception 
7 
1CH 
1 
ESCOpcodes 
1,3 
(Co processor) 


Timer 0 Interrupt 
8 
20H 
2A 
4,5 


Timer 1 Interrupt 
18 
48H 
2B 
4,5 


Timer 2 Interrupt 
19 
4CH 
2C 
4,5 


Reserved 
9 
24H 
3 


DMA 0 Interrupt 
10 
28H 
4 
5 


DMA 1 Interrupt 
11 
2CH 
5 


INTO Interrupt 
12 
30H 
6 


INT1 Interrupt 
" 
13 
34H 
7 


INT2 Interrupt 
.,' 
14 
38H 
8 


INT3 Interrupt 
15 
3CH 
9 


Reserved 
16,17 
40H,44H 


Reserved 
I' 
20-31 
50H-7CH 


NOTES: 
Default 
priorities 
for the interrupt 
sources 
are used only if the user does not program 
each source 
to a unique 
priority 
level. 


1. Generated 
as a result of an instruction 
execution. 


2. Performed 
in same manner 
as 8086. 


3. An 
ESC (coprocessor) 
opcode 
will cause 
a trap 
only 
if the 
proper 
bit is set in the 
peripheral 
control 
block 
relocation 
register. 
4. All three timers 
constitute 
one source 
of request 
to the interrupt 
controller. 
As such, they share the same priority 
level with 
respect 
to other 
interrupt 
sources. 
However, 
the timers 
have a defined 
priority 
order among 
themselves 
(2A > 29 > 2C). 


5. The vector 
type numbers 
for these 
sources 
are programmable 
in Slave 
Mode. 


BREAKPOINT 
INTERRUPT 
(TYPE 
3) 
UNUSED 
OPCODE 
EXCEPTION 
(TYPE 
6) 


A one-byte 
version 
of the INT instruction. 
It uses 12 
as an index 
into the 
service 
routine 
address 
table 
(because 
it is a type 3 interrupt). 


Generated 
if execution 
is attempted 
on undefined 
opcodes. 


ESCAPE 
OPCODE 
EXCEPTION 
(TYPE 
7) 
INTO DETECTED 
OVERFLOW 
EXCEPTION 
(TYPE4) 
Generated 
if execution 
is attempted 
of ESC opcodes 
(D8H-DFH). 
This exception 
will only be generated 
if 


a bit in the relocation 
register 
is set. The return ad- 


dress of this exception 
will point to the ESC instruc- 
tion 
causing 
the 
exception. 
If a segment 
override 
prefix 
preceded 
the ESC instruction, 
the return 
ad- 
dress will point to the segment 
override 
prefix. 


Generated 
during an INTO instruction 
if the OF bit is 
set. 


ARRAY 
BOUNDS 
EXCEPTION 
(TYPE 
5) 


Generated 
during 
a BOUND 
instruction 
if the array 
index is outside the array bounds. The array bounds 
are located 
in memory at a location 
indicated 
by one 
of the instruction 
operands. 
The other operand 
indi- 
cates the value of the index to be checked. 


Hardware-generated 
interrupts 
are divided 
into two 
groups: 
maskable 
interrupts 
and 
non-maskable 
in- 


terrupts. 
The 
80186 
provides 
maskable 
hardware 
interrupt 
request 
pins INTO-INT3. 
In addition, 
mask- 


able 
interrupts 
may 
be 
generated. 
by 
the 
80186 


1-13 


·--.- 
~ - 
~....•.......•.•..•......_.... 
" 
...••..... 
return re-enables interrupts, and another interrupt is 
pending, the 80186 will immediately service the 
highest-priority interrupt pending, i.e., no instructions 
of the main line program will be executed. 


Non-Maskable Interrupt Request (NMI) 


A non-maskable interrupt (NMI) is also provided. 
This interrupt is serviced regardless of the state of 
the IF bit. A typical use of NMI would be to activate a 
power failure routine. The activation of this input 
causes an interrupt with an internally supplied vector 
value of 2. No external interrupt acknowledge se- 
quence is performed. The IF bit is cleared at the 
beginning of an NMI interrupt to prevent maskable 
interrupts from being serviced. 


Single-Step Interrupt 


The 80186 has an internal interrupt that allows pro- 
grams to execute one instruction at a time. It is 
called the single-step interrupt and is controlled by 
the single-step flag bit (TF) in the Status Word. Once 
this bit is set, an internal single-step interrupt will 
occur after the next instruction has been executed. 
The interrupt clears the TF bit and uses an internally 
supplied vector of 1. The IRET instruction is used to 
set the TF bit and transfer control to the next instruc- 
tion to be single-stepped. 


Initialization and Processor Reset 


Processor initialization is accomplished by driving 
the RES input pin LOW. RES must be LOW during 
power-up to ensure proper device initialization. RES 
forces the 80186 to terminate all execution and local 
bus activity. No instruction or bus activity will occur 
as long as RES is active. After RES becomes inac- 
tive and an internal processing interval elapses, the 
80186 begins execution with the instruction at.physi- 
callocation FFFFO(H).RES also sets some registers 
to predefined values as shown in Table 5. 


The 80186 provides an on-chip clock generator for 
both internal and external clock generation. The 
clock generator features a crystal oscillator, a divide- 
by-two counter, synchronous and asynchronous 
ready inputs, and reset circuitry. 


Oscillator 


The oscillator circuit of the 80186 is designed to be 
used with a parallel resonant fundamental mode 
crystal. This is used as the time base for the 80186. 
The crystal frequency selected will be double the 
CPU clock frequency. Use of an LC or RC circuit is 
not recommended with this oscillator. If an external 
oscillator is used, it can be connected directly to the 
input pin X1 in lieu of a crystal. The output of the 
oscillator is not directly available outside the 80186. 
The recommended crystal configuration is shown in 
Figure 8. 


x,I-------l 
c:::J 
x MH. CRYSTAL 
x,I---::....,---~ 


80186 
T 20pF 
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80186-10 
(10 MHz) 
20 


80186 
(8 MHz) 
16 


Figure 8. Recommended 80186 
Crystal Configuration 


Intel recommends the following values for crystal se- 
lection parameters: 
Temperature Range: 
ESR (Equivalent Series Resistance): 
Co(Shunt Capacltance of Crystal): 
Cl (Load Capacitance): 
Drive Level: 


o to 70·C 
300. max 
7.0 pfmax 
20pf±2pf 
1mWmax 
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The 80186 clock 
generator 
provides 
the 50% duty 
cycle processor 
clock for the 80186. It does this by 
dividing 
the oscillator 
output 
by 2 forming 
the sym- 
metrical 
clock. 
If an external 
oscillator 
is used, the 
state of the clock 
generator 
will change 
on the fail- 
ing edge 
of the oscillator 
signal. 
The CLKOUT 
pin 
provides 
the processor 
clock 
signal for use outside 
the 80186. This may be used to drive other system 
components. 
All timings are referenced 
to the output 
clock. 


READY Synchronization 


The 80186 provides 
both 
synchronous 
and 
asyn- 
chronous 
ready 
inputs. 
Asynchronous 
ready 
syn- 
chronization 
is accomplished 
by circuitry which sam- 
ples ARDY in the middle of T2, T3, and again in the 
middle 
of each 
Tw until ARDY 
is sampled 
HIGH. 
One-half 
CLKOUT 
cycle 
of resolution 
time 
is used 
for full synchronization 
of a rising ARDY 
signal. 
A 
high-to-Iow 
transition 
on ARDY 
may be used as an 
indication 
of the not ready condition 
but it must be 
performed 
synchronously 
to CLKOUT 
either 
in the 
middle of T2, T3, or Tw, or at the falling 
edge of T3 
orTw· 


A second 
ready 
input 
(SRDY) 
is provided 
to inter- 
face with externally 
synchronized 
ready signals. This 
input is sampled 
at the end of T2, T3 and again at 
the 
end 
of each 
TW until 
it is sampled 
HIGH. 
By 
using this input rather than the asynchronous 
ready 
input, the half-clock 
cycle 
resolution 
time penalty 
is 
eliminated. 
This input must satisfy 
set-up 
and hold 
times to guarantee 
proper operation 
of the circuit. 


In addition, 
the 80186, as part of the integrated 
chip- 
select 
logic, 
has 
the 
capability 
to 
program 
WAIT 
states for memory 
and peripheral 
blocks. This is dis- 
cussed 
in the Chip Select/Ready 
Logic description. 


RESET Logic 


The 80186 provides 
both a RES input pin and a syn- 
chronized 
RESET output 
pin for use with other sys- 
tem components. 
The RES input pin on the 80186 is 
provided 
with hysteresis 
in order to facilitate 
power- 
on Reset generation 
via an RC network. 
RESET out- 
put is guaranteed 
to remain 
active 
for at least five 
clocks 
given a RES input of at least six clocks. 
RE- 
SET may be delayed 
u~ 
approximately 
two and 
one-half 
clocks 
behind RES. 


Multiple 
801~rocessors 
may 
be 
synchronized 
through 
the RES 
input 
pin, since 
this 
input 
resets 
both the processor 
and divide-by-two 
internal 
coun- 


ter in the clock generator. 
In order to ensure that the 
divide-by-two 
counters 
all 
begin 
counting 
at 
the 
same time, the active going edge of RES must satis- 
fy a 25 ns setup time before 
the falling 
edge of the 
80186 clock input. In addition, 
in order to ensure that 
all CPUs begin 
executing 
in the same 
clock 
CyC119, 
the reset must satisfy a 25 ns setup time before the 
rising edge of the CLKOUT 
signal of all the proces- 
sors. 
' 


LOCAL BUS CONTROLLER 


The 80186 provides 
a local bus controller 
to gener- 
ate the local bus control 
Signals. In addition, 
it em- 
ploys a HOLD/HLDA 
protocol 
for relinquishing 
the 
local bus to other bus masters. 
It also provides 
out- 
puts that can be used to enable external 
buffers and 
to direct the flow of data on and off the local bus. 


Memory IPeripheral 
Control 


The 80186 provides 
ALE, RD, and WR bus control 
signals. The RD and WR signals are used to strobe 
data from memory 
or I/O to the 80186 or to strobe 
data from the 80186 to memory or I/O. The ALE line 
provides 
a strobe 
to latch 
the 
address 
when 
it is 
valid. The 80186 local bus controller 
does 
not pro- 
vide a memory/I/O 
signal. If this is required, 
use the 
52 signal (which will require external 
latching), 
make 
the memory 
and I/O spaces 
nonoverlapping, 
or use 
only the integrated 
chip-select 
circuitry. 


Transceiver 
Control 


The 80186 generates 
two control 
signals to be con- 
nected 
to transceiver 
chips. 
This 
capability 
allows 
the addition 
of transceivers 
for extra buffering 
with- 
out adding external 
logic. These control 
lines, DT lR 
and DEN, are generated 
to control 
the flow of data 
through the transceivers. 
The operation 
of these sig- 
nals is shown 
in Table 6. 


Table 6. Transceiver 
Control 
Signals Description 


Pin Name 
Function 


DEN 
Enables the output drivers of the, 


(Data Enable) 
transceivers. 
It is active LOW 
during memory, 
I/O, or INTA 
cycles. 


DT/R 
Determines 
the direction 
of travel 
(Data Transmit/ 
through the transceivers. 
A HIGH 


Receive) 
level directs data away from the 
processor 
during write 
operations, 
while a LOW level 
directs data toward the processor 
during a read operation. 


1-15 


intJ 
80186 


Local Bus Arbitration 


The 80186 uses a HOLD/HLDA system of local bus 
exchange. This provides an asynchronous bus ex- 
change mechanism. This means multiple masters 
utilizing the same bus can operate at separate clock 
frequencies. The 80186 provides a single HOLDI 
HLDA pair through which all other bus masters may 
gain control of the local bus. External circuitry must 
arbitrate which external device will gain control of 
the bus when there is more than one alternate local 
bus master. When the 80186 rel~ishes~ontrol 
of 
the local bus, it floats DEN, RD, WR, SO-S2, LOCK, 
ADO-AD15, A16-A 19, SHE, and DTIR to allow an- 
other master to drive these lines directly. 


The 80186 HOLD latency time, i.e., the time be- 
tween HOLD request and HOLD acknowledge, is a 
function of the activity occurring in the processor 
when the HOLD request is received. A HOLD re- 
quest is the highest-priority ~ctivity requ.est wh!ch 
the processor may receive: higher than In.structlon 
fetching or internal DMA cycles. However, If a DMA 
cycle is in progress, the 80186 will co~pl~te ~he 
transfer before relinquishing the bus. This Implies 
that if a HOLD request is received just as a DMA 
transfer begins, the HOLD latency time can be as 
great as 4 bus cycles. This will occur if a DMA word 
transfer operation is taking place from an odd ad- 
dress to an odd address. This is a total of 16 clocks 
or more, if WAIT states are required. In addition, if 
locked transfers are performed, the HOLD latency 
time will be increased by the length of the locked 
transfer. 


Local Bus Controller 
and Reset 


During RESET the local bus controller will perform 
the following action: 
• Drive DEN, RD, and WR HIGH for one clock cy- 
cle, then float. 


NOTE: 
RD is also provided with an internal pull-up de- 
vice to prevent the processor from inadvertently 
entering Queue Status Mode during RESET. 


• Drive SO-S2 to the inactive state (all HIGH) and 
then float. 


• Drive LOCK HIGH and then float. 


• Float ADO-15, A16-19, SHE, DTIR. 
• Drive ALE LOW (ALE is never floated). 


• Drive HLDA LOW. 


INTERNAL 
PERIPHERAL 
INTERFACE 


All the 80186 integrated peripherals are controlled 
by 16-bit registers contained within an internal 256- 
byte control 
block. The control 
block 
may be 
mapped into either memory or 1/0 space. Internal 
logic will recognize control block addresses and re- 
spond to bus cycles. During bus cycles to internal 
registers, the bus controller will signal the operation 
externally (Le., the RD, WR, status, address, data, 
etc., lines will be driven as in a normal bus cycle), 
but D15-0, SRDY, and ARDY will be ignored. The 
base address of the control block must be on an 
even 256-byte boundary (i.e., the lower 8 bits of the 
base address are all zeros). All of the defined regis- 
ters within this control block may be read or written 
by the 80186 CPU at any time. 


The control block base address is programmed by a 
16-bit relocation register contained within the control 
block at offset FEH from the base address of the 
control block (see Figure 9). It provides the upper 12 
bits of the base address of the control block. The 
control block is effectively an internal chip select 
range and must abide by all the rules concerning 
chip selects (the chip select circuitry is discussed 
later in this data sheet). Any access to the 256 bytes 
of the control block activates an internal chip select. 
Other chip selects may overlap the control block 
only if they are programmed to zero wait states and 
ignore external ready. In addition, bit 12 of this ~egis- 
ter determines whether the control block Will be 
mapped into I/O or memory space. If this bit is 1, the 
control block will be located in memory space. If the 
bit is 0, the control block will be located in 1/0 
space. If the control register block is mapped into 
1/0 space, the upper 4 bits of the base address 
must be programmed as 0 (since 1/0 addresses are 
only 16 bits wide). 


In addition to providing relocation information for the 
control block, the relocation register contains bits 
which place the interrupt controller into Slave Mode, 
and cause the CPU to interrupt upon encountering 
ESC instructions. At RESET, the relocation register 


15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
o 
OFFSET: FEH I ET ISLAVE/M'A$'fE"!jj x 
IMllol 
RelocationAddressBits R19 R8 
ET 
~ ESCTrapI No ESCTrap(110) 
MIIO ~ Registerblocklocatedin MemoryI I/O Space(1/0) 
SLAVE/MAmA 
~ Configureinterruptcontrollerfor Slave/MasterMode(I/O) 


Figure 9. Relocation 
Register 
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is set to 20FFH, 
which 
maps 
the control 
block 
to 
start at FFOOH in I/O 
space. 
An offset 
map of the 
256-byte 
control 
register 
block 
is shown 
in Figure 
10. 


CHIP-SELECT IREADY 
GENERATION 
LOGIC 


The 80186 
contains 
logic which 
provides 
program- 


mable chip-select 
generation 
for both memories 
and 
peripherals. 
In addition, 
it can 
be programmed 
to 
provide 
READY 
(or WAIT 
state) 
generation. 
It can 
also 
provide 
latched 
address 
bits A 1 and A2. The 
chip-select 
lines are active 
for all memory 
and I/O 
cycles 
in their programmed 
areas, whether 
they be 
generated 
by the CPU or by the integrated 
DMA unit. 


OFFSET 


Relocation 
Register 


DMA Descriptors 
Channel 
1 


DMA Descriptors 
Channel 0 


Chip-Select 
Control 
Registers 


Time 2 Control 
Registers 


TIme 1 Control 
Registers 


TIme 0 Control 
Registers 


Interrupt 
Controller 
Registers 


FEH 


DAH 


DOH 


CAH 


COH 


A6H 


AOH 


66H 


SOH 


5EH 


56H 


56H 


50H 


3EH 


20H 


Figure 
10. Internal 
Register 
Map 


Memory 
Chip Selects 


The 80186 
provides 
6 memory 
chip select 
outputs 
for 3 address 
areas; upper memory, 
lower memory, 


and midrange 
memory. 
One each is provided 
for up- 


per memory 
and lower memory, 
while four are pro- 


vided for midrange 
memory. 


The range for each chip select 
is user-programma- 
ble and can be set to 2K, 4K, 8K, 16K, 32K, 64K, 
128K (plus 
1K and 256K 
for upper 
and lower chip 
selects). 
In addition, 
the beginning 
or base address 
of the 
mid range 
memory 
chip 
select 
may also 
be 
selected. 
Only one chip select 
may be programmed 
to be active 
for any memory 
location 
at a time. All 


chip select sizes are in bytes, whereas 
80186 mem- 


ory is arranged 
in words. 
This means that if, for ex- 


ample, 
16 64K x 1 memories 
are used, the memory 
block size will be 128K, not 64K. 


Upper Memory 
CS 


The 80186 
provides 
a chip select, 
called 
UCS, for 
the top 
of memory. 
The top 
of memory 
is usually 
used as the system 
memory 
because 
after reset the 
80186 
begins 
executing 
at 
memory 
location 
FFFFOH. 


The upper limit of memory defined 
by this chip select 
is always 
FFFFFH, 
while the lower limit is program- 
mable. 
By programming 
the lower 
limit, the size of 


the select 
block 
is also defined. 
Table 
7 shows 
the 
relationship 
between 
the base address 
selected 
and 
the size of the memory 
block obtained. 


Table 7. UMCS Programming 
Values 


Starting 
Memory 
UMCSValue 
Address 
(Base 
Block 
(Assuming 


Address) 
Size 
RO=R1=R2=0) 


FFCOO 
1K 
FFF8H 
FF800 
2K 
FFB8H 
FFOOO 
4K 
FF38H 
FEOOO 
8K 
FE38H 
FCOOO 
16K 
FC38H 
.- 


F8000 
32K 
F838H 
I 


FOOOO 
64K 
F038H 
EOOOO 
128K 
E038H 
COOOO 
256K 
C038H 


The lower limit of this memory block is defined 
in the 


UMCS 
register 
(see 
Figure 
11). This 
register 
is at 


offset 
AOH in the 
internal 
control 
block. 
The 
legal 


values 
for bits 6-13 
and the resulting 
starting 
ad- 


dress and memory 
block sizes are given in Table 7. 


Any combination 
of bits 6-13 
not shown 
in Table 7 


will 
result 
in undefined 
operation. 
After 
reset, 
the 


UMCS register is programmed 
for a 1K area. It must 


be reprogrammed 
if a larger upper 
memory 
area is 


desired. 


The internal generation 
of any 20-bit address 
whose 


upper 16 bits are equal to or greater 
than the UMCS 
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value (with bits 0-5 
as "0") 
asserts 
UCS.,UMCS 
bits 
R2-RO 
specify the ready mode for the area of mem- 
ory defined 
by this chip select register, 
as explained 
later. 


Lower Memory CS 


The 80186 
provides 
a chip 
select 
for low memory 
called [CS. The bottom 
of memory 
contains 
the in- 
terrupt 
vector 
table, starting 
at location 
OOOOOH. 


The lower limit of memory defined 
by this chip select 
is always OH, while the upper limit is programmable. 
8y 
programming 
the 
upper 
limit, 
the 
size 
of 
the 
memory block is defined. Table 8 shows the relation- 
ship between 
the upper 
address 
selected 
and the 
size of the memory 
block obtained. 


Table 
8. LMCS Programming 
Values 


Upper 
Memory 
LMCSValue 
Block 
(Assuming 
Address 
Size 
RO=R1=R2=O) 


003FFH 
1K 
0038H 
007FFH 
2K 
o· 
0078H 
OOFFFH 
4K 
00F8H 
01FFFH 
8K 
01F8H 
03FFFH 
16K 
03F8H 
07FFFH 
32K 
07F8H 
OFFFFH 
64K 
OFF8H 
1FFFFH 
128K 
1FF8H 
3FFFFH 
256K 
3FF8H 


The upper limit of this memory block is defined 
in the 
LMCS register 
(see Figure 
12) at offset 
A2H in the 
internal 
control 
block. The legal values for bits 6-15 
and the resulting 
upper address 
and memory 
block 
sizes are given in Table 
8. Any combination 
of bits 
6-15 
not shown 
in Table 
8 will result 
in undefined 
operation. 
After 
RESET, the LMCS register 
value is 
undefined. 
However, 
the LCS chip-select 
line will not 
become 
active 
until the LMCS register 
is accessed. 


.Any internally 
generated 
20-bit 
address 
whose 
up- 
per 16 bits are less than or equal to LMCS (with bits 
0-5 
"1 ") will assert LCS. LMCS register 
bits R2-RO 
specify 
the 
READY 
mode 
for the area 
of memory 
defined 
by this chip-select 
register. 


Mid-Range Memory CS 


The 80186 provides 
four MCS lines which are active 
within 
a user-locatable 
memory 
block. 
This 
block 
can be located 
within 
the 80186 
1M byte memory 
address 
s~e 
exclusive 
of the 
areas 
defined 
by 
UCS and LCS. Both the base address 
and size of 
this memory 
block are programmable. 


The size of the memory 
block 
defined 
by the mid- 
range 
select 
lines, 
as shown 
in Table 
9, is deter- 
mined by bits 8-14 
of the MPCS register (see Figure 
13). This register 
is at location 
A8H in the internal 
control 
block. 
One and only one of bits 8-14 
must 
be set at a time. Unpredictable 
operation 
of the MCS 
lines will otherwise 
occur. 
Each of the four chip-se- 
lect lines is active for one of the four equal contigu- 
ous 
divisions 
of the 
mid-range 
block. 
If the 
total 
block size is 32K, each chip select is active for 8K of 
memory 
with MCSO being active 
for the first range 
and MCS3 being active for the last range. 


The EX and MS in MPCS relate to peripheral 
func- 
tionality 
as described 
in a later section. 


Table 
9. MPCS Programming 
Values 


Total 
Block 
Individual 
MPCSBlts 
Size 
Select 
Size 
14-8 


8K 
2K 
00000018 
16K 
4K 
00000108 
32K 
8K 
00001008 
64K 
16K 
00010008 
128K 
32K 
00100008 
256K 
64K 
01000008 
512K 
128K 
10000008 


The base address 
of the mid-range 
memory 
block is 
defined 
by bits 15-9 
of the MMCS register 
(see Fig- 
ure 14). This register 
is at offset 
A6H in the internal 


15 
14 
13 
12 
11 
10 
9 
8 


1 I R2 I R1 I RO I 
OFFSET: 
AOH I 
1 I 
1 
U I u I u I u I u 
U 


A19 


7 
6 
5 
4 
3 
2 
1 
0 
u I u I 
1 


A10 


15 
14 
13 
12 
11 
10 
9 
8 


Figure 
11. UMCS Register 


4 
3 
2 
1 
0 
OFFSET;A2Hi% 
U 
u/u 
ulu 
U 


A19 


Figure 
12. LMCS Register 
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3 
2 
1 
0 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
1 I R2 I Rl I ROI 
OFFSET: A8HI 
1 I M6 I M5 I M4 I M3 I M2 I Ml I MOI EX I MS I 
1 
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Figure 13. MPCS Register 


15 
9 
1 I 
1 I R2 I Rl I ROI 
OFFSET: A6H I u I u I u I u I u I u I u I 
1 I 
1 
A19 
A13 


3 
0 
1 I 
1 


Figure 14. MMCS Register 


control 
block. 
These 
bits 
correspond 
to 
bits 
A19-A 13 of 
the 
20-bit 
memory address. 
Bits 
A12- AOof the base address are always O.The base 
address may be set at any integer multiple of the 
size of the total memory block selected. For exam- 
ple, if the mid-range block size is 32K (or the size of 
the block for which each MCS line is active is 8K), 
the block could be located at 10000H or 18000H, 
but not at 14000H, since the first few integer multi- 
ples of a 32K memory block are OH, 8000H, 
10000H, 18000H, etc. After RESET, the contents of 
both of these registers are undefined. However, 
none of the MCS lines will be active until both the 
MMCS and MPCS registers are accessed. 


MMCS bits R2-RO specify READY mode of opera- 
tion for all four mid-range chip selects. 


The 512K block size for the mid-range memory chip 
selects is a special case. When using 512K, the 
base address would have to be at either locations 
OOOOOHor 80000H. If it were to be programmed at 
OOOOOHwhen the LCS line was programmed, there 
would be an internal conflict between the [CS ready 
generation logic and the MCS ready generation log- 
ic. Likewise, if the base address were programmed 
at 80000H, there would be a conflict with the UCS 
ready generation logic. Since the LCS chip-select 
line does not become active until programmed, while 
the UCS line is active at reset, the memory base can 
be set only at OOOOOH. 
If this base address is select- 
ed, however, the [CS range must not be pro- 
grammed. 


Peripheral Chip Selects 


The 80186 can generate chip selects for up to seven 
peripheral devices. These chip selects are active for 


seven contiguous blocks of 128 bytes above a pro- 
grammable base address. The base address may be 
located in either memory or l/O space. 


Seven CS lines called PCSO-6 are generated by the 
80186. The base address is user-programmable; 
however it can only be a multiple of 1K bytes, i.e., 
the least significant 10 bits of the starting address 
are always O. 


PCS5and PCS6can also be programmed to provide 
latched address bits A1 and A2. If so programmed, 
they cannot be used as peripheral selects. These 
outputs can be connected directly to the AOand A1 
pins used for selecting internal registers of 8-bit pe- 
ripheral chips. This simplifies the external hardware 
because the peripheral registers can be located on 
even boundaries in l/O or memory space. 


The starting address of the peripheral chip-select 
block is defined by the PACS register (see Figure 
15).The register is located at offset A4H in the inter- 
nal control block. Bits 15-6 of this register corre- 
spond to bits 19-10 
of the 20-bit Programmable 
Base Address (PBA) of the peripheral chip-select 
block. Bits 9-0 of the PBA of the peripheral chip-se- 
lect block are all zeros. If the chip-select block is 
located in l/O space, bits 12-15 
must be pro- 
grammed zero, since the l/O address is only 16 bits 
wide. Table 10 shows the address range of each 
peripheral chip select with respect to the PBA con- 
tained in PACS register. 


15 
6 
5 
3 
0 
OFFSET: A4HI u I u I u I u I u I u I u I u I u I u I 
1 I 
1 
1 I R2 I Rl I RO I 
A19 
Al0 


Figure 15. PACS Register 
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The user should program 
bits 15-6 
to correspond 
to 


the desired 
peripheral 
base location. 
PACS bits 0-2 
are used to specify 
READY 
mode for PCSO-PCS3. 


Table 
10. PCS Address 
Ranges 


PCS Line 
Active 
between 
Locations 


PCSO 
PBA 
-PBA+127 
PCS1 
, 
PBA + 128-PBA 
+ 255 
PCS2 
PBA + 256-PBA 
+ 383 


PCS3 
PBA + 384-PBA 
+ 511 
PCS4 
PBA + 512-PBA 
+ 639 
IJ 


PCS5 
PBA + 640-PBA 
+ 767 
PCS6 
PBA + 768-PBA 
+ 895 \ 


The mode of operation 
of the peripheral 
chip selects 
is defined 
by the MPCS register 
(which is also used 
to set the size of the mid-range 
memory 
chip-select 
block, see Figure 
13). The register 
is located 
at off- 
set A8H in the internal 
control 
block. Bit 7 is used to 
select the function 
of PCS5 and PCS6, while bit 6 is 
used to select 
whether 
the peripheral 
chip selects 
are mapped 
into 
memory 
or 1/0 
space. 
Table 
11 
describes 
the programming 
of these 
bits. After 
RE- 
SET, the contents 
of both the MPCS and the PACS 
registers 
are undefined, 
however 
none of the PCS 
lines will be active until both of the MPCS and PACS 
registers 
are accessed. 


Table 
11. MS, EX Programming 
Values 


Bit 
Description 


MS 
1 = Peripherals 
mapped 
into memory space. 


o = Peripherals 
mapped into 1/0 space. 


EX 
o = 5 PCS lines. A 1, A2 provided. 
1 = 7 PCS lines. A 1, A2 are not provided. 


MPCS bits 0-2 
specify the READY mode for PCS4- 
PCS6 as outlined 
below. 


READY Generation 
Logic 


The 80186 
can generate 
a READY 
si~l 
internally 
for each of the memory 
or peripheral 
CS lines. The 
number 
of WAIT states 
to be inserted 
for each pe- 
ripheral 
or memory 
is programmable 
to provide 
0-3 
wait states for all accesses 
to the area for which the 
chip select 
is active. 
In addition, 
the 80186 
may be 
programmed 
to 
either 
ignore 
external 
READY 
for 
each chip-select 
range individually 
or to factor exter- 
nal READY with the integrated 
ready generator. 


READY control 
consists 
of 3 bits for each CS line or 
group of lines generated 
by the 80186. The interpre- 
tation 
of the READY bits is shown 
in Table 
12. 


Table 
12. READY 
Bits Programming 


R2 
R1 
RO 
Number 
of WAIT States 
Generated 


0 
0 
0 
o wait states, external 
RDY 
also used. 
0 
0 
1 
1 wait state inserted, external 
RDY 
also used. 


0 
1 
0 
2 wait states inserted, 
external 
RDY 
also used. 


0 
1 
1 
3 wait states inserted, 
external 
RDY 
also used. 
1 
0 
0 
o wait states, external 
RDY 
ignored. 


1 
0 
1 
1 wait state inserted, 
external 
RDY 
ignored. 
1 
1 
0 
2 wait states inserted, external 
RDY 
ignored. 
1 
1 
1 
3 wait states inserted, 
external 
RDY 
ignored. 


The 
internal 
ready 
generator 
operates 
in parallel 
with 
external 
READY, 
not in series 
if the 
external 
READY 
is used (R2 = 0). For example, 
if the inter- 
nal generator 
is set to insert 
two 
wait 
states, 
but 
activity 
on the external 
READY 
lines will insert four 
wait states, 
the processor 
will only insert 
four wait 
states, 
not six. This is because 
the two wait states 
generated 
by the internal 
generator 
overlapped 
the 
first two wait states generated 
by the external 
ready 
signal. Note that the external 
ARDY and SRDY lines 
are always 
ignored 
during cycles 
accessing 
internal 
peripherals. 


R2-RO 
of each 
control 
word 
specifies 
the READY 
mode for the corresponding 
block, 
with the excep- 
tion of the peripheral 
chip selects: 
R2-RO 
of PACS 
set the PCSO-3 
READY mode, R2-RO 
of MPCS set 
the PCS4-6 
READY 
mode. 


Chip Select/Ready 
Logic and Reset 


Upon RESET, the Chip-Select/Ready 
Logic will per- 
form the following 
actions: 


• 
All chip-select 
outputs 
will be driven 
HIGH. 


• 
Upon 
leaving 
RESET, 
the 
UCS line will be pro- 
grammed 
to provide 
chip selects 
to a 1K block 
with the accompanying 
READY control 
bits set at 
011 to insert 3 wait states in conjunction 
with ex- 
ternal 
READY 
(i.e., UMCS resets to FFFBH). 


1-20 


~ddaddresses. Each DMA chan-~~I- 
~~i~t~i'~s-b~th..,~ 
20-bit 
source 
and destination 
pointer 
which 
can be 
optionally 
incremented 
or decremented 
after 
each 
data transfer 
(by one or two depending 
on byte or 
word transfers). 
Each data transfer 
consumes 
2 bus 
cycles 
(a minimum 
of 8 clocks), 
one cycle to fetch 
data 
and the 
other 
to store 
data. 
This 
provides 
a 
maximum 
data transfer 
rate of 1.25 Mword/sec 
or 
2.5 MBytes/sec 
at 10 MHz. 


iers 
Will De renectec 
unmematety 
in DMA ·operation. 


Table 
13. DMA Control 
Block 
Format 


Register 
Name 
Register 
Addresll 


Ch.O 
Ch. 1 


Control Word 
CAH 
DAH 
Transfer 
Count 
C8H 
D8H 
Destination 
Pointer (upper 4 
C6H 
D6H 
bits) 
Destination 
Pointer 
C4H 
D4H 
Source Pointer (upper 4 bits) 
C2H 
D2H 
Source Pointer 
COH 
DOH 


TIMER 
REQUEST 


OMA 
CONTROL 
LOGIC 


INTERRUPT 
REQUEST 


210451-9 


Figure 
16. DMA Unit Block 
Diagram 
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M/ 
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SOURCE 
10 
DEC 
INC 
iD 
DEC 
INC 


x = DON'TCARE. 


Figure 17. DMA controt Register 


DMA Channel Control Word Register 


Each DMA Channel Control Word determines the 
mode of operation for the particular 81086 DMA 
channel. This register specifies: 


• the mode of synchronization; 
• whether bytes or words will be transferred; 
• whether interrupts will be generated after the last 
transfer; 
• whether DMA activity will cease after a pro- 
grammed number of DMA cycles; 
• the relative priority of the DMA channel with re- 
spect to the other DMA channel; 
• whether the source pointer will be incremented, 
decremented, or maintained constant after each 
transfer; 
• whether the source pointer addresses memory or 
I/O space; 
• whether the destination pointer will be increment- 
ed, decremented, or maintained constant after 
each transfer; and 
• whether 
the 
destination 
pointer will 
address 
memory or I/O space. 


The DMA channel control registers may be changed 
while the channel is operating. However, any chang- 
es made during operation will affect the current DMA 
transfer. 


DMA Control Word Bit Descriptions 


DEST: 
M/IO Destination pointer is in memory 
(1) or I/O (0) space. 
DEC Decrement destination pointer by 1 
or 2 (depends on S/W) after each 
transfer. 
INC Increment destination pointer by 1 
or 2 (depends on S/W) after each 
transfer. 
If both INC and DEC are specified, 
the pointer will not change after 
each cycle. 


SOURCE: M/IO Source pointer is in memory (1) or 
I/O (0) space. 
DEC Decrement source pointer by 1 or 2 
(depends 
on 
S/W) 
after 
each 
transfer. 
INC Increment source pointer by 1 or 2 
(depends 
on 
S/W) 
after 
each 
transfer. 
If both INC and DEC are specified, 
the pointer will not change after 
each cycle. 
TC: 
If set, DMA will terminate when the 
contents of the transfer count reg- 
ister reach zero. The ST/STOP bit 
will also be reset at this point. If 
cleared, the DMA controller will 
decrement the transfer count regis- 
ter for each DMA cycle, but DMA 
transfers will not stop when the 
transfer 
count 
register 
reaches 
zero. 
Enable interrupts to 
CPU upon 
transfer count termination. 
00 No synchronization. 


NOTE: 


INT: 


SYN: 


P: 


When 
unsynchronized 
transfers 
are specified, the TC bit will be ig- 
nored and the ST bit will be cleared 
upon the transfer count reaching 
zero, stopping the channel. 
01 Source synchronization. 
10 Destination synchronization. 
11 Unused. 
Channel priority relative to other 
channel during simultaneous re- 
quests. 
o Low priority. 
1 High priority. 


Channels will alternate cycles if 
both are set at same priority level. 
Enable/Disable 
(1/0) 
DMA 
re- 
quests from timer 2. 
TDRQ: 
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CHGINOCHG: Change/Do 
not 
change 
(1/0) 
ST/STOP bit. If this bit is set when 
writi~he 
control 
word, 
the 
ST/STOP bit will be programmed by 
the write to the control word. If this 
bit is cleared when writing the con- 
trol word, the ST/STOP bit will not 
be altered. This bit is not stored; it 
will always be read as O. 
Start/Stop (1/0) channel. 
Byte/Word (0/1) transfers. 
ST/STOP: 
B/W: 


DMA Destination and Source Pointer 
Registers 


Each DMA channel maintains a 20-bit source and a 
20-bit destination pointer. Each of these pointers 
takes up two full 16-bit registers in the peripheral 
control block. The lower four bits of the upper regis- 
ter contain the upper four bits of the 20-bit physical 
address (see Figure 18).These pointers may be indi- 
vidually incremented or decremented after each 
transfer. If word transfers are performed the pointer 
is incremented or decremented by two. Each pointer 
may point into either memory or I/O space. Since 
the DMA channels can perform transfers to or from 
odd addresses, there is no restriction on values for 
the pointer registers. Higher transfer rates can be 
obtained if all word transfers are performed to even 
addresses, since this will allow data to be accessed 
in a single bus cycle. 


DMA Transfer Count Register 


Each DMA channel maintains a 16-bit transfer count 
register (TC). The register is decremented after ev- 


ery DMA cycle,.regardless of the state of the TC bit 
in the DMA Control Register. If the TC bit in the DMA 
control word is set or if unsynchronized transfers are 
programmed, however, DMA activity will terminate 
when the transfer count register reaches zero. 


DMA Requests 


Data transfers may be either source or destination 
synchronized, that is either the source of the data or 
the destination of the data may request the data 
transfer. In addition, DMA transfers may be unsyn- 
chronized; that is, the transfer will take place contin- 
ually until the correct number of transfers has 
c- 
curred. When source or unsynchronized transfers 
are performed, the DMA channel may begin another 
transfer im{llediately after the end of a previous 
DMA transfer. This allows a complete transfer to 
take place every 2 bus cycles or eight clock cycles 
(assuming no wait states). When destination syn- 
chronized transfers are performed, data will not be 
fetched from the source address until the destina- 
tion device signals that it is ready to receive it. Also, 
the DMA controller will relinquish control of the bus 
after every transfer. If no other bus activity is initiat- 
ed, another destination synchronized DMA cycle will 
begin after two processor clocks. This allows the 
destination device time to remove its request if an- 
other transfer is not desired. Since the DMA control- 
ler will relinquish the bus, the CPU can initiate a bus 
cycle. As a result, a complete bus cycle will often be 
inserted between destination synchronized trans- 
fers. Table 14 shows the maximum DMA transfer 
rates. 


Table 14. Maximum DMA Transfer 
Rates @ CLKOUT= 10 MHz 


Type of 
Synchronization 
CPURunning 
CPUHalted 
Selected 


Unsynchronized 
2.SMBytes/sec 2.SMBytes/sec 
SourceSynch. 
2.SMBytes/sec 2.SMBytes/sec 


DestinationSynch. 1.7MBytes/sec 2.0MBytes/sec 


o 


HIGHER 
REGISTER 
ADDRESS 


LOWER 
REGISTER 
ADDRESS 


xxx 
XXX 
XXX 
A19-A16 


A15-A12 
All-A8 
A7-A4 
A3-AO 


15 


XXX = DON'T CARE 


Figure 18. DMA Pointer Register Format 
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DMA Acknowledge 


No explicit DMA acknowledge pulse is provided. 
Since both source and destination pointers are 
maintained, a read from a requesting source, or a 
write to a requesting destination, should be used as 
the DMA acknowledge signal. Since the chip-select 
lines can be programmed to be active for a given 
block of memory or I/O space, and the DMA point- 
ers can be programmed to point to the same given 
block, a chip-select line could be used to indicate a 
DMA acknowledge. 


DMA Priority 


The DMA channels may be programmed to give one 
channel priority over the other, or they may be pro- 
grammed to alternate cycles when both have DMA 
requests pendlnq. DMA cycles always have priority 
over internal CPU cycles except between locked 
memory accesses or word accesses to odd memory 
locations; also, an external bus hold takes priority 
over an internal DMA cycle. Because an interrupt 
request cannot suspend a DMA operation and the 
CPU cannot access memory during a DMA cycle, 
interrupt latency time will suffer during sequences of 
continuous DMA cycles. An NMI request, however, 
will cause all internal DMA activity to halt. This al- 
lows the CPU to quickly respond to the NMI request. 


DMA Programming 


DMA cycles will occur whenever the ST/STOP bit of 
the Control Register is set. If synchronized transfers 


are programmed, a DRQ must also be generated. 
Therefore the source and destination transfer point- 
ers, and the transfer count register (if used) must be 
programmed before the ST/STOP bit is set. 


Each DMA register may be modified while the chan- 
nel is operating. If the CHG/NOCHG bit is cleared 
when the control register is written, the ST/STOP bit 
of the control register will not be modified by the 
write. If multiple channel registers are modified, it is 
recommended that a LOCKED string transfer be 
used to prevent a DMA transfer from occurring be- 
tween updates to the channel registers. 


DMA Channels and Reset 


Upon RESET, the DMA channels will perform the 
following actions: 
• The Start/Stop bit for each channel will be reset 
to STOP. 
• Any transfer in progress is aborted. 


TIMERS 


The 80186 provides three internal 16-bit program- 
mable timers (see Figure 19). Two of these are high- 
ly flexible and are connected to four external pins (2 
per timer). They can be used to count external 
events, time external events, generate nonrepetitive 
waveforms, etc. The third timer is not connected to 
any external pins, and is useful for real-time coding 
and time delay applications. In addition, the third tim- 
er can be used as a prescaler to the other two, or as 
a DMA request source. 


DMA 
.REO. 


12 
INT. 
REO. 


TIMER0 


MAXCOUNTVALUE 
TIMER2 
A 
A 
MAXCOUNTVAWE CLOCK,. MAXCOUNTVAWE CLOCKl.~----~ 
B 
B 
MAl(COUNTVALUE 


MODE/CONTROL 
MODE/CONTROL 
WORD 
WORD 


ALL 16BITREGISTERS 


INTERNALADDRESS/DATA_ 


210451-10 


Figure 19. Timer Block Diagram 
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Timer Operation 


The timers are controlled by 11 16-bit registers in 
the peripheral control block. The configuration of 
these registers is shown in Table 15. The count reg- 
ister contains the current value of the timer. It can be 
read or written at any time independent of whether 
the timer is running or not. The value of this register 
will be incremented for each timer event. Each of the 
timers is equipped with a MAX COUNT register, 
which defines the maximum count 'the timer will 
reach. After reaching the MAX COUNT register val- 
ue, the timer count value will reset to zero during 
that same clock, i.e., the maximum count value is 
never stored in the count register itself. Timers 0 and 
1 are, in addition, equipped with a second MAX 
COUNT register, which enables the timers to alter- 
nate their count between two different MAX COUNT 
values. If a single MAX COUNT register is used, the 
timer output pin will switch LOW for a single clock, 1 
clock after the maximum count value has been 
reached. In the dual MAX COUNT register mode, the 
output pin will indicate which MAX COUNT register 
is currently in use, thus allowing nearly complete 
freedom in selecting waveform duty cycles. For the 
timers with two MAX COUNT registers, the RIU bit in 
the control register determines which is used for the 
comparison. 


Each timer gets serviced every fourth CPU-clock cy- 
cle, and thus can operate at speeds up to one-quar- 
ter the internal clock frequency (one-eighth the crys- 
tal rate). External clocking of the timers may be done 
at up to a rate of one-quarter of the internal CPU- 
clock rate (2 MHz for an 8 MHz CPU clock). Due to 
internal synchronization and pipelining of the timer 
circuitry, a timer output may take up to 6 clocks to 
respond to any individual clock or gate input. 


Since the count registers and the maximum count 
registers are all 16 bits wide, 16 bits of resolution are 
provided. Any Read or Write access to the timers will 
add one wait state to the minimum four-clock bus 
cycle, however. This is needed to synchronize and 
coordinate the internal data flows between the inter- 
nal timers and the internal bus. 


The timers have several programmable options. 


• All three timers can be set to halt or continue on 
a terminal count. 


• Timers 0 and 1 can select between internal and 
external clocks, alternate between MAX COUNT 
registers and be set to retrigger on external 
events. 


• The timers may be programmed to cause an in- 
terrupt on terminal count. 


These options are selectable via the timer model 
control word. 


Timer Mode/Control 
Regi~ter 


The mode/control 
register (see Figure 20) allows 
the user to program the specific mode of operation 
or check the current programmed status for any of 
the three integrated timers. 
Table 15.Timer Control Block Format 


Register Name 
Register Offset 


Tmr.O 
Tmr.1 
Tmr.2 


Mode/Control Word 
56H 
5EH 
66H 
Max Count B 
54H 
5CH 
not present 
Max Count A 
52H 
5AH 
62H 
Count Register 
50H 
58H 
60H 


o 
p 
15 
14 
13 
12 
11 
EN 
INH 
INT 
RIU 
5 
4 
3 
210 


MC 
EXT 
ALT 
I CONT I 
RTG 


Figure 20. Timer Mode/Control 
Register 
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EN: 
RTG: 


The 
enable 
bit provides 
programmer 
control 
over 
the timer's 
RUN/HALT 
status. When set, the timer is 
enabled 
to increment 
subject 
to the input pin con- 
straints 
in the internal 
clock 
mode (discussed 
previ- 
ously). When cleared, 
the timer will be inhibited 
from 
counting. 
All input pin transistions 
during the time EN 


is zero will be ignored. 
If CaNT 
is zero, the EN bit is 
automatically 
cleared 
upon maximum 
count. 


INH: 


The 
inhibit 
bit allows 
for selective 
updating 
of the 
enable (EN) bit. If INH is a one during the write to the 
mode/control 
word, then the state of the EN bit will 
be modified 
by the write. If INH is a zero during the 
write, 
the 
EN 
bit 
will 
be 
unaffected 
by 
the 
operation.This 
bit is not stored; 
it will always be a 0 
on a read. 


INT: 


When 
set, the 
INT bit enables 
interrupts 
from 
the 
timer, 
which 
will 
be 
generated 
on 
every 
terminal 
count. 
If the timer is configured 
in dual MAX COUNT 
register 
mode, 
an interrupt 
will be generated 
each 
time the value in MAX COUNT register A is reached, 
and each time the value in MAX COUNT register B is 
reached. 
If this enable 
bit is cleared 
after the inter- 
rupt request 
has been generated, 
but before a pend- 
ing interrupt 
is serviced, 
the interrupt 
request will still 
be in force. 
(The request 
is latched 
in the Interrupt 
Controller). 


RIU: 


The 
Register 
In 
Use 
bit 
indicates 
which 
MAX 
COUNT 
register 
is currently 
being used for compari- 
son to the timer count value. A zero value indicates 
register 
A. The 
RIU bit cannot 
be written, 
l.e., its 
value is not affected 
when the control 
register is writ- 
ten. It is always cleared 
when the ALT bit is zero. 


MC: 


The 
Maximum 
Count 
bit is set whenever 
the timer 
reaches 
its final maximum 
count value. If the timer is 
configured 
in dual MAX COUNT 
register 
mode, this 
bit will be set each time the value 
in MAX COUNT 
register 
A is reached, 
and each 
time 
the value 
in 
MAX COUNT 
register 
B is reached. 
This bit is set 
regardless 
of the 
timer's 
interrupt-enable 
bit. The 
MC bit gives 
the 
user the 
ability 
to monitor 
timer 
status 
through 
software 
instead 
of 
through 
inter- 
rupts. 


Programmer 
intervention 
is required 
to clear this bit. 


Retrigger 
bit is only active for internal 
clocking 
(EXT 
= 0). In this case it determines 
the control 
function 
provided 
by the input pin. 


If RTG = 0, the input level gates the internal 
clock 
on and off. 
If the 
input 
pin is HIGH, 
the timer 
will 


count; 
if the input pin is LOW, the timer will hold its 
value. As indicated 
previously, 
the input signal may 
be asynchronous 
with respect 
to the 80186 clock. 


When RTG = 1, the input pin detects 
LOW-to-HIGH 
transitions. 
The first such transition 
starts 
the timer 


running, 
clearing 
the timer value to zero on the first 
clock, 
and 
then 
incrementing 
thereafter. 
Further 
transitions 
on the input pin will again reset the timer 
to zero, from which 
it will start counting 
up again. 
If 
CaNT 
= 0, when the timer has reached 
maximum 
count, 
the 
EN bit will be cleared, 
inhibiting 
further 
timer activity. 


P: 


The prescaler 
bit is ignored 
unless 
internal 
clocking 
has been selected 
(EXT = 0). If the P bit is a zero, 


the timer will count 
at one-fourth 
the 
internal 
CPU 
clock rate. If the P bit is a one, the output of timer 2 
will be used as a clock 
for the timer. 
Note that the 
user must 
initialize 
and start 
timer 
2 to obtain 
the 
prescaled 
clock. 


EXT: 


The external 
bit selects 
between 
internal 
and exter- 


nal clocking 
for the timer. 
The external 
signal 
may 
be asynchronous 
with respect 
to the 80186 
clock. 
If this bit is set, the timer 
will count 
LOW-to-HIGH 
transitions 
on the input pin. If cleared, 
it will count an 


internal 
clock while using the input pin for control. 
In 
this mode, the function 
of the external 
pin is defined 
by the RTG bit. The maximum 
input to output 
tran- 
sition 
latency 
time 
may be as much 
as 6 clocks. 


However, 
clock 
inputs 
may be pipelined 
as closely 
together 
as every 4 clocks without 
losing clock puls- 
es. 


ALT: 


The AL T bit determines 
which 
of two MAX COUNT 
registers 
is used for count comparison. 
If AL T = 0, 


register 
A for that timer is always 
used, while if AL T 
= 1, the comparison 
will alternate 
between 
register 
A 
and 
register 
B when 
each 
maximum 
count 
is 
reached. 
This alternation 
allows the user to change 
one 
MAX COUNT 
register 
while 
the other 
is being 
used, 
and 
thus 
provides 
a method 
of 
generating 
non-repetitive 
waveforms. 
Square 
waves 
and pulse 
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INTERRUPT 
CONTROLLER 
outputs of any duty cycle are a subset of available 
signals obtained by not changing the final count reg- 
isters. The ALT bit also determines the function of 
the timer output pin. If ALT is zero, the output pin will 
go LOW for one clock, the clock after the maximum 
count is reached. If ALT is one, the output pin will 
reflect the current MAX COUNT register being used 
(0/1 for BI A). 


CONT: 


Setting the CaNT bit causes the associated timer to 
run continuously, while resetting it causes the timer 
to halt upon maximum count. If CaNT = 0 and ALT 
= 1, the timer will count to the MAX COUNT register 
A value, reset, count to the register B value, reset, 
and halt. 


Not all mode bits are provided for timer 2. Certain 
bits are hardwired as indicated below: 


AL T = 0, EXT = 0, P = 0, RTG = 0, RIU = 0 


Count Registers 


Each of the three timers has a 16-bit count register. 
The contents of this register may be read or written 
by the processor at any time. If the register is written 
while the timer is counting,the new value will take 
effect in the current count cycle. 


Max Count Registers 


Timers 0 and 1 have two MAX COUNT registers, 
while timer 2 has a single MAX COUNT register. 
These contain the number of events the timer will 
count. In timers 0 and 1, the MAX COUNT register 
used can alternate between the two max count val- 
ues 
whenever 
the 
current 
maximum count 
is 
reached. A timer resets when the timer count regis- 
ter equals the max count value being used. If the 
timer count register or the max count register is 
changed so that the max count is less than the timer 
count, the timer does not immediately reset. Instead, 
the timer counts up to OFFFFH, "wraps around" to 
zero, counts up to the max count value, and then 
resets. 


Timers and Reset 


Upon RESET, the Timers will perform the following 
actions: 


• All EN (Enable) bits are reset preventing timer 
counting. 
• For Timers 0 and 1, the RIU bits are reset to zero 
and the ALT bits are set to one. This results in the 
Timer Out pins going high. 


The 80186 can receive interrup.tsfrom a number of 
sources, both internal and external. The internal in- 
terrupt controller serves to merge these requests on 
a priority basis, for individual service by the CPU. 


Internal interrupt sources (Timers and DMA chan- 
nels) can be disabled by their own control registers 
or by mask bits within the interrupt controller. The 
80186 interrupt controller has its own control regis- 
ter that sets the mode of operation for the controller. 


The interrupt controller will resolve priority among 
requests that are pending simultaneously. Nesting is 
provided so interrupt service rountines for lower pri- 
ority interrupts may be interrupted by higher priority 
interrupts. A block diagram of the interrupt controller 
is shown in Figure 21. 


The 80186 has a.special Slave Mode in which the 
internal interrupt controller acts as a slave to an EIX- 
ternal master. The controller is programmed into this 
mode by setting bit 14 in the peripheral control block 
relocation register. (See Slave Mode section.) 


MASTER 
MODE OPERATION 


Interrupt Controller External Interface 


Five pins are provided for external interrupt sources. 
One of these pins is NMI, the non-maskable inter- 
rupt. NMI is generally used for unusual events such 
as power-fail interrupts. The other four pins may be 
configured in any of the following ways: 
• As four interrupt input lines with internally gener- 
ated interrupt vectors. 
• As an interrupt line and interrupt acknowledge 
line pair (Cascade Mode) with externally generat- 
ed interrupt vectors plus two interrupt input lines 
with internally generated vectors. 


• As two pairs of interruptlinterrupt acknowledge 
lines (Cascade Mode) with externally generated 
interrupt vectors. 


External sources in the Cascade Mode use external- 
ly generated interrupt vectors. When an interrupt is 
acknowledged, two INTA cycles are initiated and the 
vector is read into the 80186 on the second cycle. 
The capability to interface to external 8259A pro- 
grammable interrupt controllers is provided when 
the inputs are configured in Cascade Mode. 


1-27 


When in the fully nested 
mode four pins are used as 
direct interrupt 
requests 
as in Figure 22. The vectors 
for these four inputs are generated 
internally. 
An in- 
service 
bit is provided 
for every interrupt 
source. 
If a 
lower-priority 
device 
requests 
an interrupt 
while the 
in service 
bit (IS) is set. no interrupt 
will be generat- 
ed by the interrupt 
controller. 
In addition. 
if another 
interrupt 
request 
occurs 
from 
the 
same 
interrupt 
source while the in-service 
bit is set. no interrupt 
will 
be generated 
by the interrupt 
controller. 
This allows 
interrupt 
service 
routines 
to operate 
with interrupts 
enabled. 
yet 
be 
suspended 
only 
by interrupts 
of 
higher priority than the in-service 
interrupt. 


Wheri a service 
routine 
is completed. 
the proper 
IS 
bit must be reset by writing the proper pattern to the 
EOI register. 
This 
is required 
to allow 
subsequent 
interrupts 
from 
this 
interrupt 
source 
and 
to 
allow 
servicing 
of lower-priority 
interrupts. 
An 
EOI com- 
mand is executed 
at the end of the service 
routine 


_ ..••. 
~ 
_'-_4 
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INT2/INTAO 
serves 
as the 
dedicated 
interrupt 
ac- 
knowledge 
signal 
to that 
peripheral. 
The 
same 
is 
true for INT1 and INT3/INTA1. 
Each pair can selec- 
tively 
be placed 
in the Cascade 
Mode 
by program- 
ming the proper 
value 
into INTO and 
INT1 control 
registers. 
The 
use 
of the 
dedicated 
acknowledge 
signals 
eliminates 
the need for the use of external 
logic to generate 
INTA and device 
select 
signals. 


The primary 
Cascade 
Mode allows 
the capability 
to 
serve 
up to 128 external 
interrupt 
sources 
through 
the use of external 
master and slave 8259As. 
Three 
levels of priority are created. 
requiring 
priority resolu- 
tion 
in the 
80186 
interrupt 
controller. 
the 
master 
8259As. 
and the slave 8259As. 
If an external 
inter- 
rupt is serviced. 
one IS bit is set at each 
of these 
levels. When the interrupt 
service routine is complet- 
ed. up to three end-of-interrupt 
commands 
must be 
issued by the programmer. 


TIMER 
TIMER 
TIMER 
DMA 
o 
1 
2 
1 
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Figure 21. Interrupt 
Controller 
Block Diagram 
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INTERRUPTSOURCE 


INTl 1+---- INTERRUPTSOURCE 


80186 


INT2 1+---- INTERRUPTSOURCE 


INT3 I+-~--- INTERRUPTSOURCE 
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Figure 22. Fully Nested (Direct) Mode Interrupt 
Controller Connections 


Special Fully Nested Mode 


This mode is entered by setting the SFNM bit in 
INTO or INT1 control register. It enables complete 
nestability with external 8259A masters. Normally, 
an interrupt request from an interrupt source will not 
be recognized unless the in-service bit for that 
source is reset. If more than one interrupt source is 
connected to an external interrupt controller, all of 
the interrupts will be funneled through the same 
80186 interrupt request pin. As a result, if the exter- 
nal interrupt controller receives a higher-priority in- 
terrupt, its interrupt will not be recognized by the 
80186 controller until the 80186 in-service bit is re- 
set. In Special Fully Nested Mode, the 80186 inter- 
rupt controller will allow interrupts from an external 
pin regardless of the state of the in-service bit for an 
interrupt source in order to allow multiple interrupts 
from a single pin. An in-service bit will continue to be 
set, however, to inhibit interrupts from other lower- 
priority 80186 interrupt sources. 


Special procedures should be followed when reset- 
ting IS bits at the end of interrupt service routines. 
Software polling of the IS register in the external 
master 8259A is required to determine if there is 
more than one bit set. If so, the IS bit in the 80186 
remains active and the next interrupt service"routine 
is entered. 


Operation in a Polled Environment 


The controller may be used in a polled mode if inter- 
rupts are undesirable. When polling, the processor 
disables interrupts and then polls the interrupt con- 
troller whenever it is convenient. Pollingthe interrupt 
controller is accomplished by reading the Poll Word 
(Figure 32). Bit 15 in the poll word indicates to the 
processor that an interrupt of high enough priority is 
requesting service. Bits 0-4 indicate to the proces- 
sor the type vector of the highest-priority source re- 


questing service. Reading the Poll Word causes the 
In-Service bit of the highest priority source to be set. 


It is desirable to be able to read the Poll Word infor- 
mation without guaranteeing service of any pending 
interrupt, i.e., not set the indicated in-service bit. The 
80186 provides a Poll Status Word in addition to the 
conventional Poll Word to allow this to be done. Poll 
Word information is duplicated in the Poll Status 
Word, but reading the Poll Status Word does not set 
the associated in-service bit. These words are locat- 
ed in two adjacent memory locations in the register 
file. 


Master Mode Features 


Programmable Priority 


The user can program the interrupt sources into any 
of eight different priority levels. The programming is 
done by placing a 3-bit priority level (0-7) in the con- 
trol register of each interrupt source. (A source with 
a priority level of 4 has higher priority over all priority 
levels from 5 to 7. Priority registers containing values 
lower than 4 have greater priority). All interrupt 
sources have preprogrammed default priority levels 
(see Table 4). 


If two requests with the same programmed priority 
level are pending at once, the priority ordering 
scheme shown in Table 4 is used. If the serviced 
interrupt routine reenables interrupts, other interrupt 
requests can be serviced. 


End-of-Interrupt 
Command 


The end-of-interrupt (EOI) command is used by the 
programmer to reset the In-Service (IS) bit when an 
interrupt service routine is completed. The EOI com- 
mand is issued by writing the proper pattern to the 
EOI register. There are two types of EOI commands, 
specific and nonspecific. The nonspecific command 
does not specify which IS bit is reset. When issued, 
the interrupt controller automatically resets the IS bit 
of the highest priority source with an active service 
routine. A specific EOI command requires that the 
programmer send the interrupt vector type to the in- 
terrupt controller indicating which source's IS bit is 
to be reset. This command is used when the fully 
nested structure has been disturbed or the highest 
priority IS bit that was set does not belong to the 
service routine in progress. 


Trigger Mode 


The four external interrupt pins can be programmed 
in either edge- or level-trigger mode. The control 
register for each external source has a level-trigger 
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mode (LTM) bit. All interrupt 
inputs are active HIGH. 
In the edge sense 
mode or the level-trigger 
mode, 
the interrupt 
request 
must remain active (HIGH) until 
the interrupt 
request 
is acknowledged 
by the 80186 
CPU. In the edge-sense 
mode, 
if the level remains 
high after the interrupt 
is acknowledged, 
the input is 
disabled 
and no further 
requests 
will be generated. 
The input level must go LOW for at least one clock 
cycle 
to 
re-enable 
the 
input. 
In the 
level-trigger 
mode, no such provision 
is made: holding 
the inter- 
rupt input 
HIGH will cause 
continuous 
interrupt 
re- 
quests. 


Interrupt 
Vectorlng 


The 80186 Interrupt 
Controller 
will generate 
interrupt 
vectors 
for the integrated 
oMA channels 
and the in- 
tegrated 
Timers. 
In addition, 
the Interrupt 
Controller 
will generate 
interrupt 
vectors 
for the external 
inter- 
rupt lines if they are not configured 
in Cascade 
or 
Special 
Fully 
Nested 
Mode. 
The 
interrupt 
vectors 
generated 
are fixed and cannot be changed 
(see Ta- 
ble 4). 


Interrupt Controller 
Registers 


The 
Interrupt 
Controller 
register 
model 
is shown 
in 
Figure 24. It contains 
15 registers. 
All registers 
can 
both be read or written 
unless specified 
otherwise. 


In-Service 
Register 


This register 
can be read from 
or written 
into. The 
format 
is shown in Figure 25. It contains 
the In-Serv- 
ice bit for each of the interrupt 
sources. 
The In-Serv- 
ice bit is set to indicate 
that a source's 
service 
rou- 
tine is in progress. 
When an In-Service 
bit is set, the 
interrupt 
controller 
will not generate 
interrupts 
to the 


CPU when it receives 
interrupt 
requests 
from devic- 
es with a lower programmed 
priority level. The TMR 
bit is the 
In-Service 
bit for all three 
timers; 
the 
DO 
and 01 bits are the In-Service 
bits for the two oMA 
channels; 
the 10-13 are the 
In-Service 
bits for the 
external 
interrupt 
pins. The 
IS bit is set when 
the 
processor 
acknowledges 
an interrupt 
request 
either 
by an interrupt 
acknowledge 
or by reading 
the poll 
register. The IS bit is reset at the end of the interrupt 
service 
routine 
by an end-of-interrupt 
command. 


Interrupt 
Request 
Register 


The internal 
interrupt 
sources 
have interrupt 
request 
bits inside the interrupt 
controller. 
The format 
of this 
register is shown in Figure 25. A read from this regis- 
ter yields the status of these bits. The TMR bit is the 
logical OR of all timer interrupt 
requests. 
DO and 01 
are the interrupt 
request 
bits for the oMA 
channels. 


The state of the external 
interrupt 
input pins is also 
indicated. 
The state of the external 
interrupt 
pins is 
not a stored condition 
inside the interrupt 
controller, 
therefore 
the external 
interrupt 
bits cannot 
be writ- 
ten. The external 
interrupt 
request 
bits are set when 
an interrupt 
request 
is given to the interrupt 
control- 
ler, so if edge-triggered 
mode is selected, 
the bit in 
the register will be HIGH only after an inactive-to-ac- 
tive transition. 
For internal 
interrupt 
sources, 
the reg- 
ister bits are set when a request 
arrives 
and are re- 
set when the processor 
acknowledges 
the requests. 


Writes to the interrupt 
request 
register will affect the 
DO and 01 
interrupt 
request 
bits. Setting 
either 
bit 
will cause the corresponding 
interrupt 
request 
while 
clearing 
either bit will remove 
the corresponding 
in- 
terrupt request. All other bits in the register are read- 
only. 
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Figure 23. Cascade 
and Special Fully Nested 
Moc:!eInterrupt 
Controller 
Connections 
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Mask Register 


This is a 16-bit register that contains a mask bit for 
each interrupt source. The format for this register is 
shown in Figure 25. A one in a bit position corre- 
sponding to a particular source masks the source 
from generating interrupts. These mask bits are the 
exact same bits which are used in the individual con- 
trol registers; programming a mask bit using the 
mask register will also change this bit in the individu- 
al control registers, and vice versa. 


OFFSET 


3EH 
INT3 CONTROL 
REGISTER 


INT2 CONTROL 
REGISTER 


INT1 CONTROL 
REGISTER 


INTO CONTROL 
REGISTER 


OMA 1 CONTROL 
REGISTER 


OMA 0 CONTROL 
REGISTER 


TIMER 
CONTROL 
REGISTER 


INTERRUPT 
STATUS 
REGISTER 


INTERRUPT 
REQUEST 
REGISTER 


IN·SERVICE 
REGISTER 


PRIORITY 
MASK 
REGISTER 


MASK 
REGISTER 


POLL STATUS 
REGISTER 


POLL REGISTER 


EOI REGISTER 


3CH 


3AH 


38H 


36H 


34H 


32H 


30H 


2EH 


2CH 


2AH 


28H 


26H 


24H 


22H 


Figure 24. Interrupt Controller Registers 
(Master Mode) 


Priority Mask Register 


This register masks all interrupts below a particular 
interrupt priority level. The format of this register is 
shown in Figure 26. The code in the lower three bits 
of this register inhibits interrupts of priority lower (a 
higher priority number) than the code specified. For 
example, 100 written into this register masks inter- 
rupts of level five (101), six (110), and seven (111). 
The register is reset to seven (111) upon RESET so 
no interrupts are masked due to priority number. 


Interrupt Status Register 


This register contains general interrupt controller 
status information. The format of this register is 
shown in Figure 27. The bits in the status register 
have the following functions: 
DHLT: DMA Halt Transfer; setting this bit halts all 
DMA transfers. It is automatically set when- 
ever a non-maskable interrupt occurs, and it 
is reset when an IRET instruction is execut- 
ed. This bit allows prompt service of all non- 
maskable interrupts. This bit may also be set 
by the programmer. 
IRTx: 
These three bits represent the individual tim- 
er interrupt request bits. These bits differen- 
tiate between timer interrupts, since the tim- 
er IR bit in the interrupt request register is 
the "OR" function of all timer interrupt re- 
quest. Note that setting anyone 
of these 
three bits initiates an interrupt request to the 
interrupt controller. 
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Figure 25. In-Service, Interrupt Request, and Mask Register Formats 
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Figure 26. Priority Mask Register Format 
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Figure 27. Interrupt Status Register Format (Master Mode) 
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Timer, 
DMA 0,1; Control 
Register 


These registers are the control words for all the in- 
ternal interrupt sources. The format for these regis- 
ters is shown in Figure 28. The three bit positions 
PRO,PR1, and PR2 represent the programmable pri- 
ority level of the interrupt source. The MSK bit inhib- 
its interrupt requests from the interrupt source. The 
MSK bits in the individual control registers are the 
exact same bits as are in the Mask Register; modify- 
ing them in the individual control registers will also 
modify them in the Mask Register, and vice versa. 


INTO-INT3 
Control 
Registers 


These registers are the control words for the four 
external input pins. Figure 29 shows the format of 
the INTO and INT1 Control registers; Figure 30 
shows the format of the INT2 and INT3 Control reg- 
isters. In Cascade Mode or Special Fully Nested 
Mode, the control words for INT2 and INT3 are not 


, used. 


The bits in the various control registers are encoded 
as follows: 
PRO-2: Priority programming information. Highest 
Priority = 000, Lowest Priority = 111 
LTM: 
Level-trigger mode bit. 1 = level-triggered; 
o = edge-triggered. Interrupt Input levels 
are active high. In level-triggered mode, an 
interrupt is generated whenever the exter- 
nal line is high. In edge-triggered mode, an 
interrupt will be generated only when this 


MSK: 
C: 


level is preceded by an inactive-to-active 
transition on the line. In both cases, the 
level must remain active until the interrupt 
is acknowledged. 
Mask bit, 1 = mask; 0 = non-mask. 
Cascade mode bit, 1 =' cascade; 0 = di- 
rect 
Special Fully Nested Mode bit, 1 = SFNM 
SFNM: 


EOI Register 


The end of the interrupt register is a command regis- 
ter which can only be written into. The format of this 
register is shown in Figure 31. It initiates an EOI 
command when written to by the 80186 CPU. 


The bits in the EOI register are encoded as follows: 
Sx: 
Encoded information that specifies an in- 
terrupt source vector type as shown in Ta- 
ble 4. For example, to reset the In-Service 
bit for DMA channel 0, these bits should be 
set to 01010, since the vector type for DMA 
channel 0 is 10. 


NOTE: 
To reset the single In-Service bit for any of 
the three timers, the vector type for timer 0 
(8) should be written in this register. 
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14 
4 
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0 
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Figure 28. Timer/DMA 
Control 
Registers 
Formats 
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Figure 29. INTO/INT1 
Control 
Register 
Formats 
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Figure 30. INT2/INT3 
Control 
Register 
Formats 
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NSPEC/: A bit that determines the type of EOI com- 
SPEC 
mand. Nonspecific = 1, Specific = O. 


Poll and Poll Status Registers 


These registers contain polling information. The for- 
mat of these registers is shown in Figure 32. They 
can only be read. Reading the Poll register consti- 
tutes a software poll. This will set the IS bit of the 
highest priority pending interrupt. Reading the poll 
status register will not set the IS bit of the highest 
priority pending interrupt; only the status of pending 
interrupts will be provided. 


Encoding of the Poll and Poll Status register bits are 
as follows: 
Sx: 
Encoded information that indicates the 
vector type of the highest priority inter- 
rupting source. Valid only when INTREQ 
= 1. 
INTREQ: This bit determines if an interrupt request 
is present. Interrupt Request = 1; no In- 
terrupt Request = O. 


SLAVE MODE OPERATION 


When Slave Mode is used, the internal 80186 inter- 
rupt controller will be used as a slave controller to an 
external master interrupt controller. The internal 
80186 resources will be monitored by the internal 
interrupt controller, while the external controller 


functions as the system master interrupt controller. 
Upon reset, the 80186 will be in Master Mode. To 
provide for slave mode operation bit 14 of the relo- 
cation register should be set. 


Because of pin limitations caused by the need to 
interface to an external 8259A master, the internal 
interrupt controller will no longer accept external in- 
puts. There are however, enough 80186 interrupt 
controller inputs (internally) to dedicate one to each 
timer. In this mode, each timer interrupt source has 
its own mask bit, IS bit, and control word. 


In Slave Mode each peripheral must be assigned a 
unique priority to ensure proper interrupt controller 
operation. Therefore, it is the programmer's respon- 
sibility to assign correct priorities and initialize inter- 
rupt control registers before enabling interrupts. 


These level assignments must remain fixed in the 
Slave Mode of operation. 


Slave Mode External Interface 


The configuration of the 80186 with respect to an 
external 8259A master is shown in Figure 33. The 
INTO(pin 45) input is used as the 80186 CPU inter- 
rupt input. 'IRQ (pin 41) functions as an output to 
send the 80186 slave-interrupt-request to one of the 
8 master-PlC-inputs. 
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Figure 31_ EOI Register 
Format 
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Figure 32_ Poll and Poll Status Register Format 
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Figure 33. Slave Mode Interrupt 
Controller 
Connections 


Correct master-stave 
interface requires decoding of 


the slave addresses (CASO·2).Slave 8259As do this 
internally. Because of pin limitations, the 80186 
slave address will have to be decoded externally. 
SELECT (pin 44) is used as a slave-select input. 
Note that the slave vector address is transferred in- 
ternally, but the READY input must be supplied ex- 
ternally. 


INTAO (pin 42) is used as an acknowledge output, 
suitable to drive the INTA input of an 8259A. 


Interrupt 
Nesting 


Slave Mode operation allows nesting of interrupt re- 
quests. When an interrupt is acknowledged, the pri- 
ority logic masks off all priority levels except those 
with equal or higher priority. 


Vector Generation 
in the Slave Mode 


Vector generation in Slave Mode is exactly like that 
of an 8259A or 82C59A slave. The interrupt control- 
ler generates an 8-bit vector type number which the 
CPU multiplies by four to use as an address into the 
vector table. The five most significant bits of this 
type number are user-programmable while the three 
least 
significant 
bits 
are 
defined 
according 
to 
Figure 34. The significant five bits of the vector are 
programmed by writing to the Interrupt Vector regis- 
ter at offset 20H. 


Specific End-of-Interrupt 


In Slave Mode the specific EOI command operates 
to reset an in-service bit of a specific priority. The 
user supplies a 3-bit priority-level value that points to 
an in-service bit to be reset. The command is exe- 
cuted by writing the correct value in the Specific EOI 
register at offset 22H. 


Interrupt Controller 
Registers 
in the Slave Mode 


All control and command registers are located inside 
the internal peripheral control 
block. 
Figure 34 


shows the offsets of these registers. 


End-of-Interrupt 
Register 


The end-of-interrupt register is a command register 
which can only be written. The format of this register 
is shown in Figure 35. It initiates an EOI command 
when written by the 80186 CPU. 


The bits in the EOI register are encoded as follows: 
VTx: 
Three least-significant vector type bits corre- 
sponding to the source for which the IS bit is 
to be reset. Figure 34 indicates these bits. 
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In-Service Register 


This register can be read from or written into. It con- 
tains the in-service bit for each of the internal inter- 
rupt sources. The format for this register is shown in 
Figure 36. Bit positions 2 and 3 correspond to the 
OMA channels; positions 0, 4, and 5 correspond to 
the integral timers. The source's IS bit is set when 
the processor acknowledges its interrupt request. 


Interrupt Request Register 


This register indicates which internal peripherals 
have interrupt requests pending. The format of this 
register is shown in Figure 36. The interrupt request 
bits are set when a request arrives from an internal 
source, and are reset when the processor acknowl- 
edges the request. As in Master Mode, 00 and 01 
are read/write; all other bits are read only. 


Mask Register 


This register contains a mask bit for each interrupt 
source. The format for this register is shown in Fig- 
ure 36. If the bit in this register corresponding to a 
particular interrupt source is set, any interrupts from 
that source will be masked. These mask bits are ex- 
actly the same bits which are used in the individual 
control registers, i.e., changing the state of a mask 
bit in this register will also change the state of the 
mask bit in the individual interrupt control register 
correspondinq to the bit. 


Control Registers 


These registers are the control words for all the in- 
ternal interrupt sources. The format of these regis- 
ters is shown in Figure 37. Each of the timers and 
both of the OMA channels have their own Control 
Register. 


The bits of the Control Registers are encoded as 
follows: 
prx: 
3-bit encoded field indicating a priority level 
for the source. 
msk: mask bit for the priority level indicated by prx 
bits. 


OFFSET 


3AH 
TIMER2 CONTROL REGISTER 
(VECTOR TYPE xxxxx1 01) 


TIMER1 CONTROL REGISTER 
(VECTOR TYPE xxxx(100) 


OMA1 CONTROL REGISTER 
(VECTOR TYPE xxxxx011) 


OMAO CONTROL REGISTER 
(VECTOR TYPE xxxxx01 0) 


TIMERO CONTROL REGISTER 
(VECTOR TYPE xxxxxOOO) 


INTERRUPT STATUS REGISTER 


INTERRUPT-REQUEST 
REGISTER 


IN-SERVICE REGISTER 


PRIORITY-LEVEL MASK REGISTER 


MASK REGISTER 


SPECIFIC EOI REGISTER 


INTERRUPT VECTOR REGISTER 


38H 


36H 


34H 


32H 


30H 


2EH 


2CH 


2AH 


28H 


22H 


20H 
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Figure 35. Specific EOI Register Format 
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Figure 36. In-Service, Interrupt Request, and Mask Register Format 


Figure 34. Interrupt Controller Registers 
(Slave Mode) 
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This register 
indicates 
the lowest 
priority-level 
inter- 
rupt which will be serviced. 


The encoding 
of the bits in this register 
is: 


mx: 
3-bit encoded 
field indication 
priority-level 
val- 
ue. All levels of lower priority will be masked. 


• 
All C (Cascade) 
bits reset to 0 (non-Cascade). 


• 
All PRM (Priority 
Mask) bits set to 1, implying 
no 
levels masked. 
' 


• 
Initialized 
to Master 
Mode. 


Interrupt 
Status 
Register 


This register 
is defined 
as in Master 
Mode 
except 
that DHL T is not implemented. 
(See Figure 27). 
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Figure 
37. Control 
Word 
Format 
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Figure 
38. Interrupt 
Vector 
Register 
Format 
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Figure 
39. Priority 
Level 
Mask Register 
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Figure 40. Typical 80186 Computer 
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Figure 41. Typical 80186 Multi-Master Bus Interface 
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VIH 
Input High Voltage 
2.0 
VCC + 0.5 
V 
(All except X1 and (RES) 


VIHl 
Input High Voltage 
(RES) 
3.0 
VCC + 0.5 
V 


VOL 
Output Low Voltage 
0.45 
V 
la = 2.5 mA for SO-S2 
la = 2.0 mA for all other Outputs 


VOH 
Output High Voltage 
2.4 
V 
loa = -400/-LA 


Icc 
Power Supply Current 
600· 
mA 
TA = -40°C 


550 
mA 
TA = O°C 


415 
mA 
TA = +70°C 


III 
Input Leakage Current 
±10 
/-LA 
OV < VIN < VCC 


ILO 
Output Leakage Current 
±10 
/-LA 
0.45V < VOUT < vcc 


VCLO 
Clock Output Low 
0.6 
V 
la = 4.0mA 


VCHO 
Clock Output High 
4.0 
V 
loa = -200/-LA 


VCLl 
Clock Input Low Voltage 
-0.5 
0.6 
V. 


VCHI 
Clock Input High Voltage 
3.9 
vcc + 1.0 
V 


CIN 
Input Capacitance 
10 
pF 


CIO 
1/0 Capacitance 
20 
pF 


• For extended 
temperature 
parts 
only. 
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PIN TIMINGS 


A.C. CHARACTERISTICS 
(TA = o-cre +700C, VCC = 5V ±10%) 


80186 Timing 
Requirements 
All Timings 
Measured 
At 1 5V Unless Otherwise 
Noted 


80186 
80186-10 


Symbol 
Parameter 
(8MHz) 
(10MHz) 
Units 
Test 
Conditions 


Mln 
Max 
Mln 
Max 


TDVCL 
Data in Setup (AID) 
20 
15 
ns 


TCLDX 
Data in Hold (AID) 
10 
8 
ns 
''- 


TARYHCH 
Asynchronous 
Ready 
20 
15 
ns 
, 


(ARDY) Active Setup 
Time (1) 


TARYLCL 
ARDY Inactive Setup 
35 
25 
ns 
Time 


TCLARX 
ARDY Hold Time 
15 
15 
ns 


TARYCHL 
Asynchronous 
Ready 
15 
15 
ns 
Inactive 
Hold Time 


TSRYCL 
Synchronous 
Ready 
20 
20 
ns 
(SRDy) 
Transition 
Setup Time (2) 


TCLSRY 
SRDY Transition 
15 
15 
ns 
Hold Time (2) 


THVCL 
HOLD Setup (1) 
25 
20 
ns 


TINVCH 
INTR, NMI. TEST, 
25 
25 
ns 
I 


TIM IN. Setup (1) 


TINVCL 
DRQO. DRQ1. Setup (1) 
25 
20 
ns 


80186 Master 
Interlace 
Timing 
Responses 


TCLAV 
Address 
Valid Delay 
5 
55 
5 
44 
ns 
CL = 20-200 
pF 


TCLAX 
Address 
Hold 
10 
10 
ns 
all Outputs 


TCLAZ 
Address 
Float Delay 
TCLAX 
35 
TCLAX 
30 
(Except TCLTMV) 
ns 
@8& 
10 MHz 


TCHCZ 
Command 
Lines 
45 
40 
ns 
Float Delay 


TCHCV 
Command 
Lines Valid 
55 
45 
ns 
Delay (after Float) 


TLHLL 
ALE Width 
TCLCL -35 
TCLCL -30 
ns 


TCHLH 
ALE Active Delay 
35 
30 
ns 


TCHLL 
ALE Inactive 
Delay 
35 
30 
ns 


TLLAX 
Address 
Hold from 
TCHCL -25 
TCHCL -20 
ns 
ALE Inactive 


TCLDV 
Data Valid Delay 
10 
44 
10 
40 
ns 


TCLDOX 
Data Hold Time 
10 
10 
ns 


TWHDX 
Data Hold after WR 
TCLCL -40 
TCLCL -34 
ns 


TcVCTV 
Control 
Active 
Delay 1 
5 
50 
5 
40 
ns 


TCHCTV 
Control 
Active 
Delay 2 
10 
55 
10 
44 
ns 


TCVCTX 
Control 
Inactive 
Delay 
5 
55 
5 
44 
ns 


TCVDEX 
DEN Inactive 
Delay 
10 
70 
10 
56 
ns 
(Non-Write 
Cycle) 


1. To guarantee 
recognition 
at next clock. 
2. To guarantee 
proper 
operation. 
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PIN TIMINGS 
(Continued) 


A.C. CHARACTERISTICS 
(TA = O°C to + 70°C, VCC = 5V ± 10%) (Continued) 


80186 
Master 
Interface 
Timing 
Responses 
(Continued) 


80186 
80186-10 


Symbol 
Parameter 
(8 MHz) 
(10 MHz) 
Units 
Test 
Conditions 


Mln 
Max 
Mln 
Max 


TAZAL 
Address 
Float to 
0 
0 
ns 
RD Active 


TCLRL 
RD Active 
Delay 
10 
70 
10 
56 
ns 


TCLAH 
RD Inactive 
Delay 
10 
55 
10 
44 
ns 


TAHAV 
RD Inactive to 
TCLCL -40 
TCLCL -40 
ns 
Address 
Active 


TCLHAV 
HLDA Valid Delay 
5 
50 
5 
40 
ns 


TALAH 
RDWidth 
2TCLCL -50 
2TCLCL -46 
ns 


TWLWH 
WRWidth 
2TCLCL -40 
2TCLCL -34 
ns 


TAVLL 
Address 
Valid to 
TCLCH-25 
TCLCH-19 
ns 
ALE Low 


TCHSV 
Status Ac1ive Delay 
10 
55 
10 
45 
ns 


TCLSH 
Status 
Inactive 
Delay 
10 
65 
10 
50 
ns 


TCLTMV 
Timer Output Delay 
60 
48 
ns 
100 pF max 
@8& 
10MHz 


TCLAO 
Reset Delay 
60 
48 
ns 


TCHQSV 
Queue Status Delay 
35 
28 
ns 


TCHDX 
Status Hold Time 
10 
10 
ns 


TAVCH 
Address 
Valid to 
10 
10 
ns 
Clock High 


TCLLV 
mcK Validllnvalid 
5 
65 
5 
60 
ns 
Delay 


80186 Chip-Select 
Timing 
Responses 


TCLCSV 
Chip-Select 
66 
45 
ns 
Active 
Delay 


Tcxcsx 
Chip-Select 
Hold from 
35 
35 
ns 
Command 
Inactive 


TCHCSX 
Chip-Select 
5 
35 
5 
32 
ns 
Inactive 
Delay 


80186 CLKIN 
Requirements 


TCKIN 
CLKIN Period 
62.5 
250 
50 
250 
ns 


TCKHL 
CLKIN Fall Time 
10 
10 
ns 
3.5 to 1.0V 


TCKLH 
CLKIN Rise Time 
10 
10 
ns 
1.0 to 3.5V 


TCLCK 
CLKIN Low Time 
25 
20 
ns 
1.5V 


TCHCK 
CLKIN High Time 
25 
20 
ns 
1.5V 


80186 CLKOUT 
Timing 
(200 pF load) 


TCICO 
CLKINto 
50 
25 
ns 
CLKOUTSkew 


TCLCL 
CLKOUT 
Period 
125 
500 
100 
500 
ns 


TCLCH 
CLKOUT 
Low Time 
y. TCLCL -7.5 
Y. TCLCL -6.0 
ns 
1.5V 


TCHCL 
CLKOUT 
High Time 
y. TCLCL -7.5 
Y. TCLCL -6.0 
ns 
1.5V 


TCH1CH2 
CLKOUT 
Rise Time 
15 
12 
ns 
1.0 to 3.5V 


TCL2CL1 
CLKOUT 
Fall Time 
15 
12 
ns 
3.5 to 1.0V 
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80186 


EXPLANATION 
OF THE AC SYMBOLS 
IN: 
Input (DROO,TIMO,... ) 
L: 
Logic Level Low or ALE 
0: 
Output 
OS: 
Oueue Status (OS1, OS2) 
A: 
AD signal, AESET signal 
S: 
Status (SO, 81, ~) 
SAY: Synchronous Ready Input 
V: 
Valid 
W: 
WR Signal 
X: 
No Longer a Valid Logic Level 


.Z: 
Float 


Each timing symbol has from 5 to 7 characters. The 
first character is always a "T" (stands for time). The 
other 
characters, 
depending on their 
positions, 
stand for the name of a signal or the logical status of 
that signal. The following is a list of all the charac- 
ters and what they stand for. 
A: 
Address 


ARY: Asynchronous Ready Input 
C: 
Clock Output 


CK: 
Clock Input 


CS: 
Chip Select 


CT: 
Control (DTlA, DEN, ... ) 


0: 
Data Input 


DE: 
DEN 


H: 
Logic Level High 


Examples: 


TCLAY 
- 
Time from Clock low to Address valid 
TCHLH 
- 
Time from Clock high to ALE high 
TCLCSV - 
Time from Clock low to Chip Select valid 
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intJ 
80186 


WAVEFORMS 


MAJOR CYCLE TIMING 


CLKOUT 


WAITEClCLE 


T, 
T, 


ALE 


r,~-~jAtJ:S 
Ir'-"'\ 


---i 
(NOTE2)I""i'CLcir' 
~- 
VCl 
TCHS 
~ 
TCHCl 
_ 
TCLSH -~ 
t---- 
IX- 
\\. ---- 
TClAV_ 
-T 
LAX::::I 
I::: TCLDV 
TCHDX-.· 
I- 
II 11 IrIA19-Al' 
5,-1, 
:t' 


I-~ 
1 
r- r---- 


.•~~ 
!-+TAVLL. 
I --t---- 
LH- 
- -r 
HLL 
- 
I- 
I:: 
_TCLOV 
'!CLAV- 
-+- 
_TCLAX 


TC~~- 
TAVC!......t 
Au-Ao 
~ 
DATAOUT 
- 
TCVCTV- 
~~ 
TLLJ 
-~ 
~ 
f--- 
- :Y 
~ 
TCVCTV_ 
~ 
TWLWH 


j 
TCVCTX- 
I- 


- 
TCLAZ 
TOVCL- 
I-TClDX 
\I 
if 
POINTER \ 


FlDATC 
FlDAT AI 
F~ 
- 
1-+ 
TCHCTV 
_TCHCTV 
-\- 
~ 
- 
~ 
1\ 
'V/ 
I 
TCVCTV_ iO 


TCVOEX- 
-/ 
KI 
::~ 
I 
::~;, ,, 
Il' 
INVALIDADDRESS 


TClAV_ 
'17 
~~--Y- 
- 
\_TCLCSV 


3) 
I 
I 


AD,INTA, 


DT/R. 
VOH 


INTAClCLE 


AO,,-ADo 


TCH 


DT/ii 


210451-23 
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11 


inter 
80186 


WAVEFORMS 
(Continued) 


MAJOR 
CYCLE 
TIMING 
(Continued) 


BHElS7,AIIISI-AII/S3 


IlEADCYCU 


TCH1C1t2 


CLKOUT 


DT/R 


DEN 


PCS, 
lIeS ----+"""'1 
Ll:I, 
UCS 
(NOTE 
31 


210451-24 


NOTES: 
1. INTA occurs 
one clock 
later in slave mode. 


2. Status 
inactive 
just prior to T4. 
3. If latched 
A 1 and A2 are selected 
instead 
of PCS5 and PCS6, only TCLCSV is applicable. 
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80186 


WAVEFORMS 
(Continued) 


CLKOUT 


CLKOUT 


NMI, 
TEST, 
INTO-3 
TIMERIN 
-J 


CLKOUT 


OSO,OS1 
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210451-30 


210451-31 


210451-32 


80186 


WAVEFORMS 
(Continued) 


CLKOUT 


~ 
INTO-3 
TlMERIN ______ 
..J 
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210451-25 


210451-26 


:-.a. r 
____ ---'" 


CLKOUT 


210451-29 
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intJ 
80186 


HOLD/HLDA TIMING (Entering Hold) 


HOLD/HLDA TIMING (Leaving Hold) 


CLKOUT 


WAVEFORMS 
(Continued) 


~ 
~r---~r-~------------------- 


AD15-ADO. 
DEN 
80186 


210451-33 


CLKOUT 


HOLD 


HLDA 


210451-34 


A19/S6 - A16/S3. 
RD. WR. BHElS7. 
DT/R. 52 - SO. 
LOCK 


80186 


HOLD 


HLDA 


AD15-ADO, 
DEN 
80186 
A19/S6 - A16/S3, 
TCHCV 


RD.WR.BHElS7, -------------------------ir-----+-K====~~~===== 
DT/R. 52 - SO. 
LOCK 
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80186 


WAVEFORMS 
(Continued) 


TIMER 
ON 80186 


CLKIN 


(XI) 


CLKOUT 


I 
--J 


TIMERIN 


~------------TC~L------------~ 


TlNVCH 


TIMEROUT 
~-------------------2%lo6%C~KS--------------------~ 


80186 EXPRESS 


210451-27 


The Intel EXPRESS 
system offers enhancements 
to 
the 
operational 
specifications 
of the 
80186 
micro- 
processor. 
EXPRESS 
products 
are 
designed 
to 
meet the needs of those applications 
whose operat- 
ing requirements 
exceed 
commercial 
standards. 


The 
EXPRESS 
program 
includes 
the 
commercial 
standard 
temperature 
range with burn-in and an ex- 
tended 
temperature 
range without 
burn-in. 


With 
the 
commercial 
standard 
temperature 
range 
operational 
characteristics 
are guaranteed 
over the 
temperature 
range 
of O°C to + 70°C. With 
the ex- 
tended 
temperature 
range option, 
operational 
char- 
acteristics 
are guaranteed 
over the range of - 40°C 
to + 85°C. 


The optional 
burn-in is dynamic, 
for a minimum 
time 
of 160 hours at + 125°C with vcc = 5.5V ± 0.25V, 
following 
guidelines 
in MIL-STD-883, 
Method 
1015. 


Package types and EXPRESS versions 
are identified 
by a one- or two-letter 
prefix to the part number. The 
prefixes 
are 
listed 
in Table 
16. All 
A.C. and 
D.C. 


specifications 
not mentioned 
in this section 
are the 
same for both commercial 
and EXPRESS 
parts. 


Table 
16_Prefix 
Identification 


Prefix 
Package 
Temperature 
Burn-In 
Type 
Range 


A 
PGA 
Commercial 
No 


N 
PLCC 
Commercial 
No 


R 
LCC 
Commercial 
No 


TA 
PGA 
. Extended 
No 


OA 
PGA 
Commercial 
Yes 


OR 
LCC 
Commercial 
Yes 


NOTE: 
Not all package/temperature 
range/speed 
combinations 


are available. 
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80186 EXECUTION 
TIMINGS 


80186 


A determination 
of 80186 
program 
execution 
timing 
must consider 
the bus cycles 
necessary 
to prefetch 
instructions 
as well as the number of execution 
unit 
cycles 
necessary 
to execute 
instructions. 
The 
fol- 
lowing instruction 
timings represent 
the minimum ex- 
ecution time in clock cycles for each instruction. 
The 
timings 
given 
are based 
on the following 
assump- 
tions: 


• 
The opcode, 
along with any data or displacement 
required 
for execution 
of a particular 
instruction, 
has been prefetched 
and resides in the queue at 
the time it is needed. 


• 
No wait states or bus HOLDS occur. 


• 
All word-data 
is located 
on even-address 
bound- 
aries. 


All instructions 
which involve 
memory 
accesses 
can 
also require one or two additional 
clocks 
above 
the 
minimum 
timings 
shown 
due to the 
asynchronous 
handshake 
between 
the bus interface 
unit (BIU) and 
execution 
unit. 


All jumps and calls include the time required to fetch 
the opcode 
of the next instruction 
at the destination 
address. 


With a 16-bit BIU, the 80186 
has sufficient 
bus per- 
formance 
to ensure that an adequate 
number of pre- 
fetched 
bytes will reside 
in the queue 
most 
of the 
time. Therefore, 
actual 
program 
execution 
time will 
not be substantially 
greater 
than that 
derived 
from 
adding the instruction 
timings 
shown. 
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INSTRUCTION 
SET SUMMARY 


Function 
Format 
Clock 
Comments 
Cycles 


DATA TRANSFER 
MOY = Move: 


Register to RegisterI Memory 
1.1000100W 
modreg rIm 
2/12 


RegisterI memory to register 
I 
1000101w 
modreg rIm 
2/9 


Immediate to registerlmemory 
1100011 
w 
mod 000 rIm 
data 
I 
data ifw= 1 I 
12-13 
8/16-bit 


Immediate to register 
1011 
w reg 
data 
dataifw=1 
I 
3-4 
8/16-bil 


Memory to accumulator 
1010000w 
addr-Iow 
addr-high 
I 
8 


Accumulator to memory 
1010001w 
addr-Iow 
addr-high 
I 
9 


Registerlmemory to segment register 
10001110 
mod 0 reg rIm I 
2/9 


Segment register to registerI memory 
10001100 
mod 0 reg rIm I 
2/11 


PUSH = Push: 


Memory 
I 
11111111 
I mod 11 0 rIm I 
16 


Register 
I 
01010reg 
I 
10 


Segment register 
I 
I 
. 
000reg110 
9 


Immediate 
I 
011010s0 
I 
data 
I 
data Ifs =0 I 
10 __ 


I 


,- 


PUSHA = Push AI 
01100000 
36 


POP = Pop: 


Memory 
10001111 
I modOOO rIm I 
20 


Register 
01011 
reg I 
10 
I 
. 
Segment register 
000reg111 
(reg*OI) 
8 


POPA = Pop All 
01100001 
I 
51 


XCHG = Exchange: 


RegisterI memory with register 
I 
1000011w 
I 
modreg rIm 
I 
4/17 


Register with accumulator 
I 
10010reg 
I 
3 


IN = Input from: 
I 


Fixed port 
I 
1110010w 
port 
I 
10 


Variable port 
I 
1110110w 
8 


OUT = Output to: 


i 


Fixed port 
I 
1110011 
w 
port 
I 
9 


Variable port 
1110111 
w 
7 
11, 


XLAT = Translate byte to AL 
11010111 
11 
., 


LEA = Load EA to register 
10001101 
modreg rIm 
I 
6 


LDS = Load pointer to OS 
11000101 
modreg rIm 
I 
(mod= t t) 
18 


LES = Load pointer to ES 
11000100 
modreg 
rIm 
I 
(mod=f t) 
18 


LAHF = Load AH with flags 
10011111 
2 


SAHF = Store AH into flags 
10011110 
3 


PUSHF = Pushflags 
10011100 
9 


/ 
- 


POPF - 
Pop flags 
10011101 
8 


Shaded 
areas indicate 
Instructions 
not available 
In 8086, 8088 mtcrosysterns, 
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INSTRUCTION 
SET SUMMARY 
(Continued) 
., 
',,' 
, 


Function 
Format 
Clock 
Comments 
Cycles 


DATA TRANSFER (Continued) 
SEGMENT = Segment Override: 


CS 
I 
00101110 
I 
2 


SS 
I 
00110110 
I 
2 


OS 
I 
00111110 
I 
2 


ES 
I 
001001 
10 I 
2 
-: 


ARITHMETIC 
ADD = Add: 


Regl memory with register to either 
I 
OOOOOOdw I 
mod reg rIm 
I 
3/10 


Immediate to registerI memory 
I 
100000sw 
I modOOO rIm I 
data 
I data if s w=OI 
I 
4/16 


Immediate to accumulator 
I 
000OO10w 
I 
data 
I 
dataifw=1 
I 
3/4 
B/16-bit 


ADC = Add with canry: 


Reglmemory with register to either 
I 
000100dw 
I 
modreg 
rIm 
I 
3/10 


Immediate to registerlmemory 
I 
100000sw 
I modO 10 rIm I 
data 
I data if s w=OI 
I 
4/16 


Immediate to accumulator 
I 
0001010w 
I 
data 
I 
dataifw=1 
I 
3/4 
B/16-bit 


INC = Increment: 


RegisterI memory 
I 
l111111w 
I mod 0 0 0 rIm I 
3/15 


Register 
I 01000reg 
I 
3 


SUB = Subtract: 


Reglmemory and register to either 
I 001010dw 
I 
mod reg rIm 
I 
3/10 


Immediate from registerlmemory 
I 
100000sw 
I mod 1 01 
rIm I 
data 
I data if s w=OI 
I 
4/16 


Immediate from accumulator 
I 
0010110w 
I 
data 
I 
data ifw= 1 
I 
3/4 
B/I6-bit 


SBB = Subtract with borrow: 


Reglmemory and register to either 
I 
000110dw 
mod reg rIm 
I 
3/10 


Immediate from registerlmemory 
I 
100000sw 
modO 11 rIm I 
data 
I data if s w=OI 
I 
4/16 


Immediate from accumulator 
I 
0001110w 
data 
I 
data ifw= 1 
I 
3/4 
B/16-bit 


DEC = Decrement 


RegisterI memory 
I 
lllllllw 
modOOl 
rIm I 
3/15 


Register 
I 01001 
reg 
3 


CMP = Compare: 


RegisterI memory with register 
I 
0011101 
w I 
modreg rIm 
I 
3/10 


Register with registerI memory 
I 
0011100w 
I 
mod reg rIm 
I 
3/10 


Immediate with registerI memory 
I 
100000sw 
I modl11 
rIm I 
data 
I data if s w=OI 
I 
3/10 


Immediate with accumulator 
I 0011110w 
I 
data 
I 
dataifw=1 
I 
3/4 
B/16-bit 


NEG = Change sign registerI memory I 
1111011 
w I modO 11 rIm I 
3/10 


AAA = ASCII adjust for add 
I 
00110111 
I 
B 


DAA = Decimal adjust for add 
I 
00100111 
I 
4 


AAS = ASCII adjust for subtract 
I 
00111111 
I 
7 


DAS = Decimal adjust for subtract 
I 
00101111 
I 
4 


MUL = Multiply (unsigned): 
I 
1111011 
w I 
mod 100 rIm 
I 
Register-Byte 
26-2B 
Register-Word 
35-37 
Memory-Byte 
32-34 
Memory-Word 
41-43 


Shaded 
areas 
indicate 
instructions 
not available 
in 8086. 
8088 microsystems. 
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INSTRUCTION 
SET SUMMARY 
(Continued) 


Format 
Clock 
Comment. 
Function 
Cycles 


ARITHMETIC (Continued) 


IMUL = Integer multiply (signed): 
I 
1111011 
w I mod 101 
rIm I 
Register-Byte 
25-28 
Register-Word 
34-37 
Memory-Byte 
31-34 
Memory-Word 
40-43 


MUL = I~ 
ImmediaIe III\IItIpIy 
I 011010s1 
I modreg rIm I 
data 
I 
datslfs=O 
I 
22-25/ 
J~ 
(signed) 
29-32 


DIY = Divide (unsigned): 
I 
1111011 
w I mod 11 0 rIm I 
. 


Register-Byte 
29 
. 


Register-Word 
38 
Memory-Byte 
35 
Memory-Word 
44 


IDlY = Integer divide (signed): 
I 
1111011 
w I mod 111 
rIm I 
Register-Byte 
44-52 
Register-Word 
53-61 
Memory-Byte 
50-58 
Memory-Word 
59-67 


AAM = ASCII adjust for multiply 
I 
11010100 
I 
00001010 
I 
19 


AAD = ASCII adjust for divide 
I 
11010101 
I 
00001010 
I 
15 


CBW = Convert byte to word 
I 
10011000 
I 
2 


CWD = Convert word to double word I 
10011001 
I 
4 


LOGIC 
Shift/Rotate 
Instructions: 


r 
Register/Memory by 1 
I 
1101000w 
I 
mod TTT rIm I 
2/15 


Register/Memory by CL 
I 
1101001 
w I 
mod TTT r/m I 
5+n/l7+n 


RCljllster/Memory ~ 
J 
1100000w 
I modTTTr/m I 
count 
I 
$ 
!!L 7+'1 
:=JL 


TTT Instruction 
000 
ROL 
001 
ROR 
010 
RCL 
011 
RCR 
100 
SHL/SAL 
101 
SHR 
111 
SAR 
AND = And: 


Reglmemory and register to either 
I 
001000dw 
I 
modreg rIm 
I 
3/10 


Immediate to registerlmemory 
I 
1000000w 
I mod 100 
rIm I 
data 
I 
dataifw=1 
I 
4116 


Immediate to accumulator 
I 
0010010w 
I 
data 
I 
dataifw=l 
I 
3/4 
8116-bit 


TEST = And function to flags, no result: 


RegisterI memory and register 
I 
1000010w 
I 
modreg rIm 
I 
3/10 


Immediate data and registerlmemory 
I 
1111011 
w I modOOO rIm I 
data 
I 
dataifw=1 
I 
4110 


Immediate data and accumulator 
I 
1010100w 
I 
data 
I 
dataifw=1 
I 
3/4 
8116-bij 


OR= Or: 


Reg/ memory and register to either 
I 000010dw 
I 
modreg rIm 
I 
3110 


Immediate 
to register/memory 
I 1000000w 
I modOOl 
rIm I 
data 
I 
dataifw=1 
I 
4/16 


Immediate 
to accumulator 
I 
0000110w 
I 
data 
I 
dataifw=1 
I 
3/4 
8/16-bit 


Shaded 
areas 
Indicate 
Instructions 
not available 
In 8086, 8088 
microsysterns. 
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INSTRUCTION 
SET SUMMARY 
(Continued) 


Function 
Format 
Clock 
Comments 
Cycles 


LOGIC (Continued) 
XOR ~ Exclusive or: 


Reg/memory and register to either 
I 
001100dw 
mod reg rIm 
I 
3/10 


Immediate to register/memory 
I 
1000000w 
mod 11 0 rIm I 
data 
I 
dataifw~1 
I 
4116 


Immediate to accumulator 
I 
0011010w 
data 
I 
data it w =t 
I 
3/4 
8116-bit 


NOT ~ Invert register/memory 
I 
1_111011w 
modO 10 rIm I 
3110 


STRING MANIPULATION 


MOVS ~ Move ~yte/word 
1010010w 
14 


CMPS ~ Compare byte/word 
1010011w 
22 


SCAS ~ Scan byte/word 
1010111w 
15 


LOOS ~ Load byte/wd to ALl AX 
1010110w 
12 


STOS ~ Store byte/wd from All AX 
1010101 
w 
10 


cc. 


INS •• Input byte/wc! 
ftoIn OX port 
011()110w 
14 


OUTS - 
Output by!e/wd to OXport 
01t0111w 
14 


Repeated by count in ex (REP/REPE/REPZ/REPNE/RE 
NZ) 


MOVS ~ Move string 
11110010 
I 
1010010w 
8+8n 


CMPS ~ Compare string 
1111001z 
I 
1010011w 
5+22n 


SCAS ~ Scan string 
1111001z 
I 
1010111w 
5+15n 


LOOS ~ Load string 
11110010 
I 
1010110w 
6+11n 


STOS ~ Store string 
11110010 
I 
1010101 
w 
6+9n 
1- 
I 
1.ItS•• Input string 
l1tl0010 
0110110w 
IHBn 


t2!:!fS - Output string 
I 11110010 
I 0110f11w 
I 
1_ a+Bn 


CONTROL TRANSFER 


CALL ~ Call: 


Direct within segment 
I 
11101000 
I 
disp-Iow 
I 
disp-high 
I 
15 


Register/memory 
I 
11111111 
I modO 10 rIm I 
13/19 
indirect within segment 


Direct intersegment 
I 
10011010 
I 
segment offset 
I 
23 
I 
segment selector 
I 


Indirect intersegment 
I 
11111111 
I modO 11 rIm I 
(mod #' 11) 
38 


JMP ~ Unconditional 
lump: 


Shortllong 
I 
11101011 
I 
disp-Iow 
I 
14 


Direct within segment 
I 
11101001 
I 
disp-Iow 
I 
disp-high 
I 
14 


Register/memory 
I 
11111111 
I mod 1 00 rIm I 
11117 
indirect within segment 


Direct 
intersegment 
I 
11101010 
I 
segment offset 
I 
14 
I 
segment selector 
I 


Indirect 
intersegment 
I 
11111111 
I rnod t 0 1 rIm I 
(mod #' 11) 
26 


Shaded 
areas 
Indicate 
instructions 
not available 
In 8086, 8088 microsysterns, 
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INSTRUCTION 
SET SUMMARY 
(Continued) 


Function 
Format 
Clock 
Commentll 
Cycle. 


CONTROL 
TRANSFER 
(Continued) 


RET = Return 
from 
CALL: 


Within 
segment 
I 11000011 
I 
16 


Within 
seg adding 
immed 
to SP 
I 
11000010 
I 
data-low 
I 
data-high 
I 
18 
I". 


Intersegment 
I 11001011 
22 


Inlersegment 
adding 
immediate 
to SP 
11001010 
data-Iow 
I 
data-high 
I 
25 


JE/JZ 
= Jump on equal/zero 
01110100 
disp 
I 
4/13 
JMPnot 


JLlJNGE 
= Jump 
on less/not 
greater 
or equal 
01111100 
disp 
I 
4/13 
taken/JMP 


taken 


JLE/JNG 
= Jump 
on less or equal/not 
greater 
01111110 
disp 
I 
4/13 


JB/JNAE 
= Jump on below/not 
above 
or equal 
01110010 
disp 
I 
4/13 


JBE/JNA 
= Jump on below 
or equal/not 
above 
01110110 
disp 
I 
4/13 
, 


JP/JPE 
= Jump on parity/parity 
even 
01111010 
disp 
4/13 


t 


.. 


JO = Jump 
on overflow 
01110000 
disp 
4/13 


JS = Jump 
on sign 
01111000 
disp 
4/13 


JNE/ JNZ = Jump on not equal/ 
not zero 
01110101 
disp 
4/13 
-. 


JNLI 
JGE = Jump on not less/greater 
or equal 
01111101 
disp 
4/13 


JNLE/JG 
= Jump on not less or equal/greater 
01111111 
disp 
4/13 


JNB/JAE 
= Jump 
on not below/above 
or equal 
01110011 
disp 
4/13 


JNBE/ 
JA = Jump 
on not below or equal/above 
01110111 
disp 
4/13 


JNP/JPO 
= Jump on not par/par 
odd 
01111011 
disp 
4/13 


JNO = Jump on not overflow 
01110001 
disp 
4/13 


JNS = Jump on not sign 
I 01111001 
disp 
4/13 


JCXZ = Jump 
on ex zero 
I 
11100011 
disp 
5/15 


LOOP = Loop ex times 
I 11100010 
disp 
I 
6/16 
LOOP not 


LooPZlLOOPE 
= Loop while zero/equal 
I 11100001 
disp 
I 
6/16 
taken/LOOP 


LooPNZlLooPNE 
= Loop while not zero/equal I 
I 


taken 
11100000 
disp 
6/16 


EN1'lR 
- 
Enter I'Rlceckn 
I 11001000 
I 
data-Iow 
I 
dafa.llIah 
I l I 
L-O 
15 


11 


-1 
25 
>1 
22+1f(n-1} 
...~- 
I 110(1'10011 
8 
JI 
..ii 


IHT = Interrupt 


Type specified 
I 11001101 
I 
type 
I 
47 


Type 3 
I 11001100 
I 
45 
ij INT. taken/ 


INTO = Interrupt 
on overflow 
I 11001110 
I 
48/4 
ijlNT.not 


taken 


IRET = Interrupt 
return 
I 11001111 
I 
28 


;, 


aotlNo_ 
cutot ••••••• 
.F OHG;bOl0}modrttgr/ml 
l;', 
99-35 
.! 


Shaded 
areas indicate 
Instructions 
not available 
In 8086, 8088 
rnlcrosysterns. 
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STI = Set interrupt 
11111011 
2 


HLT = Halt 
11110100 
2 


WAIT = Wait 
10011011 
6 
iffrn 
= 0 


LOCK = Bus lock prefix 
11110000 
2 


ESC = Processor 
Extension 
Escape 
11011 
TTT 
mod LLL 
rIm 
6 


(TTT LLL are opcode 
to processor 
extension) 


NOP = No Operation 
I 
10010000 
I 
3 


Shaded 
areas indicate 
instructions 
not available 
in 8086, 
8088 microsystems. 


FOOTNOTES 


The Effective 
Address 
(EA) of the memory 
operand 


is computed 
according 
to the mod and rim fields: 


if mod = 11 then rIm 
is treated 
as REG field 


if mod = 00 then 
OISP = 0', 
disp-Iow 
and disp-high 
are absent 


if mod 
= 01 then OISP = disp-Iow 
sign-extended 
to IS-bits. 
disp-high 


is absent 
~ mod = 10 then 
OISP = disp-high: 
disp-Iow 
if rIm 
= 000 then 
EA = (BX) + 
(SI) + 
OISP 


if rIm = 001 then 
EA = (BX) + 
(01) + 
OISP 


if rIm = 010 then 
EA = (BP) + (SI) + OISP 
if rIm = 011 then 
EA = (BP) + 
(01) + 
OISP 


if rIm = 100 then 
EA = (SI) + 
OISP 


if rIm = 101 then 
EA = (01) + 
OISP 


ifr/m 
= 110 then 
EA = (BP) + OISP' 
ifr/m 
= 
111 then 
EA = 
(BX) + 
OISP 


OISP follows 
2nd byte of instruction 
(before 
data if 
required) 


'except 
if mod = 00 and rim = 
110 then 
EA = 


disp-high: 
disp-Iow. 


EA calculation 
time is 4 clock 
cycles 
for all modes, 


and is included 
in the execution 
times given whenev- 
er appropriate. 


Segment 
Override 
Prefix 


o 
o 
reg 
1 
o 


reg is assigned 
according 
to the following: 


SI!gment 
Register 
ES 
CS 
SS 
OS 


reg 


00 
01 
10 
11 


REG is assigned 
according 
to the following 
table: 


16-Blt (w = 1) 
OOOAX 
001 CX 
010 OX 
011 BX 
100SP 
101 BP 
110 SI 
111 01 


8-Blt (w = 0) 


OOOAL 
001 CL 
0100L 
011 BL 
100AH 
101 CH 
110 OH 
111 BH 


The physical 
addresses 
of all operands 
addressed 


by the BP register 
are computed 
using the SS seg- 


ment register. 
The physical 
addresses 
of the desti- 
nation 
operands 
of the 
string 
primitive 
operations 


(those 
addressed 
by the 01 register) 
are computed 


using the ES segment, 
which may not be overridden. 
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REVISION 
HISTORY 


80186 


The sections 
significantly 
revised 
since version 
-010 are: 
Pin Description Table 
Added note to TEST pin requiring proper RESET at power-up to configure pin 
as input. 


Renamed pin 44 to INT1/SELECT and pin 41 to INT3/1NTA1/IRQ to better 
describe their functions in Slave Mode. 
Added reminder to driveRES pin LOW during power-up. 
Initialization and Processor 
Reset 
Major Cycle Timing 
Waveform 
HOLD/HLDA Timing 
Waveforms 
Slave Mode Operation 


Clarified applicability of TCLCSV to latched A1 and A2 in footnote. 


Redrawn to indicate correct relationship of HOLD inactive to HLDA inactive. 


The three low order bits associated with vector generation and performing EOI 
are not alterable; however, the priority levels are programmable. This informa- 
tion is a clarification only. 


The sections 
significantly 
revised 
since version 
-009 are: 
Pin Description Table 
Various descriptions rewritten for clarity. 


Interrupt Vector Table 
Redrawn for clarity. 


A.C. Characteristics 
Added reminder that TSRYCL and TCLSRY must be met. 


Explanation of the 
New section. 


A.C. Symbols 


Major Cycle Timing 
TCLRO indicated. 


Waveforms 


The sections 
significantly 
revised 
since version 
-008 are: 
Pin Description Table 
Noted RES to be low more than 4 clocks. Connections to X1 and X2 clarified. 


DMA Control Bit Descriptions 
Moved and clarified note concerning TC condition for ST/STOP clearing during 
unsynchronized transfers. 
Renamed iRMX Mode to Slave Mode. 
Noted that DOand D1 are read/write, others read-only. 
Effect of bus width clarified. 


Interrupt Controller, etc. 
Interrupt Request Register 
Execution Timings 


The sections 
significantly 
revised 
since the October, 
1986 version 
-007 are: 
A.C. Characteristics 
Deleted column for 12.5 MHz devices. Intel never marketed a 12.5 MHz 80186. 


The sections 
significantly 
revised 
since the February, 
1986 version 
-007 are: 
A.C. Characteristics 
Several timings changed in anticipation of test change (all listed in ns): TCLAV 
(min.) at 10 MHz from 50 to 44; TCVCTV (min.) at 8 MHz from 10 to 5; TCVCTV 
(max.) from 70 to 50 at 8 MHz and 56 to 40 at 10 MHz. 
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• 
Integrated Feature Set 
- 
Enhanced 80C86/C88 
CPU 
- 
Clock Generator 
- 
2 Independent DMA Channels 
- 
Programmable Interrupt Controller 
- 
3 Programmable 
16-Bit Timers 
- 
Dynamic RAM Refresh Control Unit 
- 
Programmable Memory and 
Peripheral Chip Select Logic 


-- Programmable Wait State Generator 
- 
Local Bus Controller 
- 
Power Save Mode 
- 
System-Level Testing Support (High 
Impedance Test Mode) 


• 
Available in 16 MHz (80C186-16), 
12.5 MHz (80C186-12) and 10 MHz 
(80C186) Versions 


• 
Direct Addressing 
Capability to 
1 MByte Memory and 64 KByte I/O 


Pascal-86, Fortran-86, C-86, and 
System Utilities 
-In-Circuit-Emulator 
(ICETM-186) 


• 
High Performance Numeric 
Coprocessing 
Capability through 
80C187 Interface 


• 
Available in 68 Pin: 
- 
Plastic Leaded Chip Carrier (PLCC) 
- 
Ceramic Pin Grid Array (PGA) 
- 
Ceramic Leadless Chip Carrier 
(JEDEC A Package) 


(See Packaging 
Outlines 
and Dimensions, 
Order 
Number 


231369) 


• 
Available in EXPRESS Extended 
Temperature Range 
(- 40·C to + 85·C) 


• 
Available in Military: 
- 
Different Specifications 
- 
10 MHz (M80C186-10) and 12.5 MHz 
(M80C186-12) Versions 


(See 
MBOC186 
data 
sheet, 
Order 
Number 
270500 
for specifica- 


tions) 


The Intel 80C186 
is a CHMOS 
high integration 
microprocessor. 
It has features 
which are new to the 80186 


family which 
include 
a DRAM refresh 
control 
unit, power-save 
mode and a direct 
numerics 
interface. 
When 
used in "compatible" 
mode, the 80C186 
is 100% 
pin-for-pin 
compatible 
with the-NMOS 
80186 
(except 
for 


8087 applications). 
The "enhanced" 
mode of operation 
allows the full feature 
set of the 80C186 
to be used. 


The 80C186 
is upward 
compatible 
with 8086 and 8088 software 
and fully compatible 
with 80186 and 80188 
software. 
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Figure 2. 80C186 Pinout Diagrams 
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Symbol 
Pin No. 
Type 
Name and Function 


Vcc 
9 
I 
System Power: + 5 volt power supply. 
43 
I 


Vss 
26 
I 
System Ground. 
60 
I 


RESET 
57 
0 
RESET Output indicates 
that the 80C186 CPU is being reset, and can be 
used as a system reset. It is active HIGH, synchronized 
with the 
processor 
clock, and lasts an integer number of clock periods 
corresponding 
to the length of the RES signal. Reset goes inactive 2 
clockout 
periods after RES goes inactive. When tied to the TEST/BUSY 
pin, RESET forces the 80C186 into enhanced 
mode. RESET is not 
floated 
during bus hold. 


X1 
59 
I 
Crystal Inputs X1 and X2 provide eXternal connections 
for a fundamental 
X2 
58 
0 
mode or third overtone 
parallel resonant 
crystal for the internal oscillator. 


X1 can connect 
to an external clock instead of a crystal. In this case, 
minimize the capacitance 
onX2. 
The input or oscillator 
frequency 
is 
internally 
divided by two to generate 
the clock signal (CLKOUT). 


CLKOUT 
56 
0 
Clock Output provides the system with a 50% duty cycle waveform. 
All 
device pin timings are specified 
relative to CLKOUT. 
CLKOUT 
is active 
during reset and bus hold. 


RES 
24 
I 
An active RES causes the 80C186 to immediately 
terminate 
its present 
activity, clear the internal 
logic, and enter a dormant 
state. This signal 
may be asynchronous 
to the 80C186 clock. The '80C186 begins fetching 
instructions 
approximately 
6% clock cycles after RES is returned 
HIGH. 
For proper initialization, vcc must be within specifications 
and the clock 
signal must be stable for more than 4 clocks with RES held LOW. RES is 
internally 
synchronized. 
This input is provided with a Schmitt-trigger 
to 
facilitate 
power-on 
RES generation 
via an RC network. 


TEST/BUSY 
47 
I/O 
The TEST pin is sampled during and after reset to determine 
whether the 
80C186 is to enter Compatible 
or Enhanced 
Mode. Enhanced 
Mode 
requires TEST to be HIGH on the rising edge of RES and LOW four 
CLKOUT cycles later. Any other combination 
will place the 80C186 in 
Compatible 
Mode. During power-up, 
active RES is required to configure 
TEST/BUSY 
as an input. A weak internal pullup ensures a HIGH state 
when the input is not externally 
driven. 


TEST -In 
Compatible 
Mode this pin is configured 
to operate 
as TEST. 


.c:: 
..~ 
This pin is examined 
by the WAIT instruction. 
If the TEST input is HIGH 
when WAIT execution 
begins, instruction 
execution 
will suspend. TEST 


i 
will be resampled 
every five clocks until it goes LOW, at which time 
execution 
will resume. If interrupts 
are enabled while the 80C186 is 


, 
waiting for TEST, interrupts 
will be serviced. 


BUSY-In 
Enhanced 
Mode, this pin is configured 
to operate 
as BUSY. 


I: 


The BUSY input is used to notify the 80C186 of Numerics 
Processor 
Extension 
activity. Floating point instructions 
executing 
in the 80C186 
sample the BUSY pin to determine 
when the Numerics 
Processor 
is 
ready to accept a new command. 
BUSY is active HIGH. 


TMR INO 
20 
I 
Timer Inputs are used either as clock or control 
signals, depending 
upon 
TMR IN 1 
21 
I 
the programmed 
timer mode. These inputs are active HIGH (or LOW-to- 
HIGH transitions 
are counted) 
and internally 
synchronized. 
Timer Inputs 
must be tied HIGH when not being used as clock or retrigger 
inputs. 


TMROUTO 
22 
0 
Timer outputs are used to provide single pulse or continous 
waveform 
TMROUT 
1 
23 
0 
generation, 
depending 
upon the timer mode selected. 
These outputs are 
not floated during a bus hold. 


Table 1. 80C186 
Pin Description 
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Table 1. 80C186 
Pin Description 
(Continued) 


Symbol 
Pin No. 
Type 
Name and Function 


DRQO 
18 
I 
DMA Request 
is asserted 
HIGH by an external 
device when it is ready 
DRQ1 
19 
I 
for DMA Channel 
0 or 1 to perform a transfer. 
These signals are level- 
triggered 
and internally 
synchronized. 


NMI 
46 
I 
The Non-Maskable 
Interrupt 
input causes a Type 2 interrupt. 
An NMI 
transition 
from LOW to HIGH is latched and synchronized 
internally, 
and 
initiates the interrupt at the next instruction 
boundary. 
NMI must be 
asserted 
for at least one CLKOUT 
period. The Non-Maskable 
Interrupt 
cannot be avoided 
by programming. 


INTO 
45 
I 
Maskable 
Interrupt 
Requests 
can be requested 
by activating 
one of 
INT1/SELECT 
44 
I 
these pins. When configured 
as inputs, these pins are active HIGH. 


INT2/INTAO 
42 
I/O 
Interrupt 
Requests 
are synchronized 
internally. 
INT2 and INT3 may be 


INT3/INTA 
1/IRQ 
41 
I/O 
configured 
to provide active-LOW 
interrupt-acknowledge 
output signals. 


All interrupt 
inputs may be configured 
to be either edge- or level- 
triggered. 
To ensure recognition, 
all interrupt 
requests 
must remain 


- 
active until the interrupt 
is acknowledged. 
When Slave Mode is selected, 


the function 
of these pins changes 
(see Interrupt Controller 
section of 
this data sheet). 


A19/S6 
65 
0 
Address 
Bus Outputs 
(16-19) 
and Bus Cycle Status (3-6) 
indicate the 
A18/S5 
66 
0 
four most significant 
address bits during T1. These signals are active 


A17/S4 
67 
0 
HIGH. 


A16/S3 
68 
0 
During T2, T3, Tw, and T4, the S6 pin is LOW to indicate a CPU-initiated 
bus cycle or HIGH to indicate a DMA-initiated 
bus cycle. During the 
same T-states, 
S3, S4, and S5 are always LOW. These outputs are 
floated 
during bus hold or reset. 


AD15 
1 
I/O 
Address/Data 
Bus (0-15) 
signals constitute 
the time multiplexed 
AD14 
3 
I/O 
memory or I/O address (T1) and data (T2, T3, Tw, and T4) bus. The 


AD13 
5 
1/0 
bus is active HIGH. Ao is analogous 
to BHE for the lower byte of the 
AD12 
7 
1/0 
data bus, pins D7 through 
Do. It is LOW during T1 when a byte is to be 


AD11 
10 
1/0 
transferred 
onto the lower portion of the bus in memory or 1/0 


AD10 
12 
1/0 
operations. 
These pins are floated 
during a bus hold or reset. 


AD9 
14 
1/0 
AD8 
16 
'1/0 
AD7 
2 
1/0 
AD6 
4 
1/0 
AD5 
6 
1/0 
AD4 
8 
1/0 


r~ 
AD3 
11 
1/0 
AD2 
13 
1/0 
AD1 
15 
1/0 
ADO 
17 
1/0 
, 


I 
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80C186 


Symbol 
Pin No. 
Type 
Name and Function 


SHE 
64 
0 
The SHE (Sus High Enable) signal is analogous 
to AO in that it is used to 
enable data on to the most significant 
half of the data bus, pins D15-D8. 


SHE will be LOW during T1 when the upper byte is transferred 
and wi_lI_ 
remain LOW through T3 AND Tw. SHE does not need to be latched. 
SHE 


I 
will float during HOLD or RESET. 


In Enhanced 
Mode, SHE will also be used to signify DRAM refresh cycles. A 


refresh cycle is indicated 
by both SHE and AO being HIGH. 


BHE and AO Encodings 


I 
BHE Value 
AO Value 
Function 


! 
0 
O. 
Word Transfer 
0 
1 
Syte Transfer 
on upper half of data bus (D15-D8) 


1 
0 
Syte Transfer 
on lower half of data bus (Dy-Do) 
1 
1 
Refresh 


ALE/QSO 
61 
0 
Address 
Latch Enable/Queue 
Status 0 is provided 
by the 80C186 to latch 


theaddress. 
ALE is active HIGH, with addresses 
guaranteed 
valid on the 
trailing edge. 


WR/QS1 
63 
0 
Write Strobe/Queue 
Status 1 indicates 
thafthe 
data on the bus is to be 
written into a memory or an I/O device. It is active LOW, and floats during 
, 
bus hold or reset. When the 80C186 is in queue status mode, the ALE/QSO 
and WR/QS1 
pins provide information 
about processor/instruction 
queue 


I 
interaction. 


QS1 
QSO 
Queue Operation 


0 
0 
No queue operation 
0 
1 
First opcode 
byte fetched 
from the queue 
1 
1 
Subsequent 
byte fetched 
from the queue 
1 
0 
Empty the queue 


RD/QSMD 
62 
0/1 
Read Strobe is an active LOW signal which indicates 
that the 80C186 is 
performing 
a memory or I/O read cycle. It is guaranteed 
not tolE LOW 
before the AID bus is floated. An internal pull-up ensures that RD/QSMD 
is 
HIGH during RESET. Following 
RESET the pin is sampled 
to determine 
whether 
the 80C186 is to provide ALE, RD, and WR, or queue status 
information. 
To enable Queue Status Mode, RD must be connected 
to GND. 


RD will float during bus HOLD. 


ARDY 
55 
I 
Asynchronous 
Ready informs the 80C186 that the addressed 
memory space 
or I/O device will complete 
a data transfer. The ARDY pin accepts 
a rising 
edge that is asynchronous 
to CLKOUT and is active HIGH. The falling edge 
of ARDY must be synchronized 
to the 80C186 clock. Connecting 
ARDY 
HIGH will always assert the ready condition 
to the CPU. If this line is unused, 


it should be tied LOW to yield control to the SRDY pin. 


SRDY 
49 
I 
Synchronous 
Ready informs the 80C186 that the addressed 
memory space 
or I/O device will complete 
a data transfer. 
The SRDY pin accepts 
an active- 


HIGH input synchronized 
to CLKOUT. The use of SRDY allows a relaxed 


system timing over ARDY. This is accomplished 
by elimination 
of the one- 


half clock cycle required to internally 
synchonize 
the ARDY input signal. 


Connecting 
SRDY high will always assert the ready condition 
to the CPU. If 


this line is unused, it should be tied LOW to yield control to the ARDY pin. 


Table 
1. 80C186 Pin Description 
(Continued) 


1-64 


intJ 
80C186 


Table 1. 80C186 
Pin Description 
(Continued) 


Symbol 
Pin No. 
Type 
Name and Function 


LOCK 
48 
0 
LOCK output indicates 
that other system bus masters are not to gain 
control of the system bus. LOCK is active LOW. The LOCK signal is 
requested 
by the LOCK prefix instruction 
and is activated 
at the 
beginning 
of the first data cycle associated 
with the instruction 
immediately 
following 
the LOCK prefix. It remains active until the 
completion 
of that instruction. 
No instruction 
prefetching 
will occur 
. 
while LOCK is asserted. 
LOCK floats during bus hold or reset. 


SO 
52 
0 
Bus cycle status SO-S2 
are encoded 
to provide bus-transaction 
S1 
- 
53 
0 
information: 


S2 
54 
0 
80C186 
Bus Cycle Status Information 


S2 
S1 
SO 
Bus Cycle Initiated 


t 


0 
0 
0 
Interrupt 
Acknowledge 
0 
0 
1 
Read 1/0 
0 
1 
0 
Write 1/0 
0 
1 
1 
Halt 
1 
0 
0 
Instruction 
Fetch 
, 
t. 
1 
0 
1 
Read Data from Memory 
1 
1 
0 
Write Data to Memory 
1 
1 
1 
Passive (no bus cycle) 


The status pins float during HOLD. 
S2 may be used as a logical MilD 
indicator, 
and S1 as a DTlA 
indicator. 


HOLD 
50 
I 
HOLD indicates 
that another bus master is requesting 
the local bus. 


HLDA 
51 
0 
The HOLD input is active HIGH. The 80C186 generates 
HLDA (HIGH) 


in response 
to a HOLD request. Simultaneous 
with the issuance 
of 
HLDA, the 80C186 will float the local bus and control 
lines. After 
HOLD is detected 
as being LOW, the 80C186 will lower HLDA. When 
the 80C186 needs to run another 
bus cycle, it will again drive the local 


bus and control 
lines. 


In Enhanced 
Mode, HLDA will go low when a DRAM refresh cycle is 


.. 
pending in the 80C186 and an external 
bus master has control 
of the 
bus. It will be up to the external 
master to relinquish the bus by 
lowering 
HOLD so that the 80C186 may execute the refresh cycle. 


UCS 
34 
Oil 
Upper Memory Chip Select is an active LOW output whenever 
a 
memory reference 
is made to the defined 
upper portion (1K-256K 
block) of memory. UCS does not float during bus hold. The address 


'" 
range activating 
UCS is software 
programmable. 


UCS and LCS are sampled 
upon the rising edge of RES. If both pins 
are held low, the 80C186 will enter ONCE Mode. In ONCE Mode all 
pins assume a high impedance 
state and remain so until a subsequent 


RESET. UCS has a weak internal pullup that is active during RESET to 
ensure that the 80C186 does not enter ONCE mode inadvertently. 
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Table 
1. 80C186 
Pin Description 
(Continued) 


Symbol 
Pin No. 
Type 
Name and Function 


LCS 
33 
Oil 
Lower Memory Chip Select is active LOW whenever 
a memo~eference 


is made to the defined 
lower portion (1K-256K) 
of memo!lJ:CS 
does 
not float during bus HOLD. The address range activating 
LCS is software 


programmable. 


UCS and LCS are sampled 
upon the rising edge of RES. If both pins are 


held low, the 80C186 will enter ONCE Mode. In ONCE Mode all pins 
assume ~h 
impedance 
state and remain so until a subsequent 
RESET. LCS has a weak internal pullup that is active only during RESET 
to ensure that the 80C186 does not enter ONCE mode inadvertently. 


MCSO/PEREQ 
38 
Oil 
Mid-Range 
Memory Chip Select signals are active LOW when a memory 


MCS1/ERROR 
37 
Oil 
reference 
is made to the defined 
mid-range 
portion of memory 


MCS2 
36 
0 
(8K-512K). 
These lines do not float during bus HOLD. The address 


MCS3/NPS 
35 
0 
ranges activating 
MCSO-3 
are software 
programmable. 


In Enhanced 
Mode, MCSO becomes 
a PEREQ input (Processor 
Extension 
Request). 
When connected 
to the Numerics 
Processor 
Extension, 
this input is used to signal the 80C186 when to make numeric 


data transfers 
to and from the NPX. MCS3 becomes 
NPS (Numeric 
Processor 
Select) which may only be activated 
by communication 
to the 


Numerics 
Processor 
Extension. 
MCS1 becomes 
ERROR in enhanced 
mode and is used to signal numerics 
coprocessor 
errors. 


MCSO/PEREQ 
and MCS1 IERROR 
have weak internal pull ups which are 


active during reset. 


PCSO 
25 
0 
Peripheral 
Chip Select signals 0-4 
are active LOW when a reference 
is 


PCS1 
27 
0 
made to the defined peripheral 
area (64K byte 1/0 or 1 MByte memory 


PCS2 
28 
0 
space). These lines do not float during bus HOLD. The address ranges 


PCS3 
29 
0 
activating 
PCSO-4 
are software 
programmable. 


PCS4 
30 
0 


PCS5/A1 
31 
0 
Peripheral 
Chip Select 5 or Latched A 1 may be programmed 
to provide a 


sixth peripheral 
chip select, or to provide an internally 
latched A 1 signal. 


The address range activating 
PCS5 is software-programmable. 
PCS51 A 1 
does not float during bus HOLD. When programmed 
to provide latched 
A 1, this pin will retain the previously 
latched value during HOLD. 


PCS6/A2 
32 
0 
Peripheral 
Chip Select 6 or Latched A2 may be programmed 
to provide a 


seventh 
peripheral 
chip select, or to provide an internally 
latched A2 
signal. The address range activating 
PCS6 is software-programmable. 


PCS61 A2 does not float during bus HOLD. When programmed 
to provide 


latched A2, this pin will retain the previously 
latched value during HOLD. 


DTIR 
40 
0 
Data Transmit/Receive 
controls 
the direction 
of data flow through an 
external data bus transceiver. 
When LOW, data is transferred 
to the 
80C186. When HIGH the 80C186 places write data on the data bus. DT I 
R floats during a bus hold or reset. 


DEN 
39 
0 
Data Enable is provided as a data bus transceiver 
output enable. 
DEN is 


active LOW during each memory and.!lO 
access (including 
80C187 
access). 
DEN is HIGH whenever 
DTIR changes 
state. During RESET, 


DEN is driven HIGH for one clock, then floated. 
DEN also floats during 
HOLD. 
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FUNCTIONAL 
DESCRIPTION 


Introduction 


80C186 
BASE ARCHITECTURE 


The 8086, 8088, 80186, and 80188 family all contain 
the same basic set of registers, instructions, and ad- 
dressing modes. The 80C186 processor is upward 
compatible with the 8086 and 8088 CPUs. 
The following Functional Description describes the 
base architecture of the 80C186. The 80C186 is a 
very high integration 16-bit microprocessor. It com- 
bines 15-20 of the most common microprocessor 
system components onto one chip. The 80C186 is 
object code compatible with the 8086/8088 micro- 
processors and adds 10 new instruction types to the 
8086/8088 instruction set. 


Register Set 


The 80C186 base architecture has fourteen regis- 
ters as shown in Figures 3a and 3b. These registers 
are grouped into the following categories. 


The 80C186 has two major modes of operation, 
Compatible and Enhanced. In Compatible Mode the 
80C186 
is 
completely 
compatible 
with 
NMOS 
80186, with the exception of 8087 support. The En- 
hanced mode adds three new features to the system 
design. These are Power-Save control, Dynamic 
RAM refresh, and an asynchronous Numerics Co- 
processor interface. 


General 
Registers 


Eight 16-bit general purpose registers may be used 
for arithmetic and logical operands. Four of these 
(AX, BX, CX, and DX)can be used as 16-bit registers 


C or split into pairs of separate 8-bit registers. 


16-81T 


REGISTER 


NAME 


o 
7 


D 


AH 
AL 


OH 
DL 


CH 
CL 


BH 
BL 


, 


BYTE 
ADOAESSABLE 
(8-8IT 


REGISTER 
NAMES 
SHOWN) 
\: 


cx 


BX 


BP 


SP 


15 


GENERAL 
REGISTERS 


SPEOAl 
15 
REGISTER 
FUNCTIONS 


~ 


cs 
CODE 
SEGMENT 
SELECTOR 


os 
OATA SEGMENT 
SELECTOR 


MULTiPlY/DIVIDE 
I/OINSTRUCT1ONS 
ss 
STACK 
SEGMENT 
SELECTOR 


ES 
EXTRA 
SEGMENT 
SELECTOR 
LOOP/SHIFT 
IAEPEA 
TICOUNT 


SEGMENT 
REGISTERS 


BASE REGISTERS 


15 


STAT'USWORD 


INDEX 
REGISTERS 


'P 
INSTRUCTION 
POINTER 


STACK 
POINTER 
STATUS 
AND CONTROL 
AE.GISTERS 


Figure 3a. 80C186 
Register 
Set 


STATUS FLAGS: 


CARRY 


PARITY 


AUXILIARY CARRY 


ZERO 
1. 


SIGN 
L 


OVERFLOW, ---:--l. 


15 
'4 
" 
12 
11 ,. 
• 
• 
• 
• 
3 
2 
1 
• 
OF I 
OF I 
'F I 
T> I 
SF I ZF r..\\\\J 
AF r..\\\'J 
PF-""\\'IT 
CFl 


r 
CONTROL FlAGS: 


TAAPFLAG 
INTERRUPT 
ENABLE 
DlAEcnoHFUG 


ITATUI WORD: 


~ 
INlEL 
RESERVED 
270354-4 


Figure 3b. Status Word Format· 
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Table 2. Status Word Bit Functions 
Segment 
Registers 


Four 16-bit special 
purpose 
registers 
select, 
at any 
given time, the segments 
of memory that are imme- 
diately 
addressable 
for code, 
stack, 
and data. (For 
usage, refer to Memory 
Organization.) 


Base and Index Registers 


Four of the general 
purpose 
registers 
may also be 
used to determine 
offset 
addresses 
of operands 
in 
memory. These registers 
may contain 
base address- 
es or indexes 
to particular 
locations 
within 
a seg- 
ment. The addressing 
mode selects the specific 
reg- 
isters for operand 
and address 
calculations. 


Status and Control 
Registers 


Two 16-bit special 
purpose 
registers 
record 
or alter 
certain 
aspects 
of 
the 
80C186 
processor 
state. 
These 
are 
the 
Instruction 
Pointer 
Register, 
which 
contains 
the offset 
address 
of the next sequential 
instruction 
to 
be 
executed, 
and 
the 
Status 
Word 
Register, 
which contains 
status and control 
flag bits 
(see Figures 3a and 3b). 


Status Word Description 


The Status Word records 
specific 
characteristics 
of 
the result of logical 
and arithmetic 
instructions 
(bits 
0, 2, 4, 6, 7, and 11) and controls 
the operation 
of 
the 80C186 within a given operating 
mode (bits 8, 9, 


and 10). The Status 
Word 
Register 
is 16-bits wide. 
The 
function 
of the 
Status 
Word 
bits 
is shown 
in 
Table 2. 


Instruction 
Set 


The instruction 
set is divided 
into seven categories: 
data 
transfer, 
arithmetic, 
shift/rotate/logical, 
string 
manipulation, 
control 
transfer, 
high-level 
instruc- 
tions, 
and processor 
control. 
These 
categories 
are 
summarized 
in Figure 4. 


An 80C186 
instruction 
can reference 
anywhere 
from 
zero to several 
operands. 
An operand 
can reside in 
a register, 
in the instruction 
itself, or in memory. Spe- 
cific operand 
addressing 
modes 
are discussed 
later 
in this data sheet. 


Memory Organization 


Memory 
is organized 
in sets of segments. 
Each seg- 
ment is a linear contiguous 
sequence 
of up to 64K 
(216) 8-bit bytes. Memory 
is addressed 
using a two- 
component 
address 
(a pointer) that consists 
of a 16- 
bit base 
segment 
and 
a 16-bit 
offset. 
The 
16-bit 
base 
values 
are contained 
in one 
of four 
internal 
segment 
register 
(code, 
data, 
stack, 
extra). 
The 


Bit 
Name 
Function 
Position 


0 
CF 
Carry Flag-Set 
on high-order 


bit carry or borrow; cleared 
otherwise 


2 
PF 
Parity Flag-Set 
if low-order 
8 
bits of result contain an even 
number of 1-bits; cleared 
otherwise 


4 
AF 
Set on carry from or borrow to 
the low order four bits of AL; 
cleared otherwise 


6 
ZF 
Zero Flag-Set 
if result is zero; 


cleared otherwise 


7 
SF 
Sign Flag-Set 
equal to high- 


order bit of result (0 if positive, 
1 if negative) 


8 
TF 
Single Step Fla~nce 
set, a 
single step interrupt 
occurs 
after the next instruction 
executes. 
TF is cleared 
by the 


single step interrupt. 


9 
IF 
Interrupt-enable 
Flag-When 


set, maskable 
interrupts 
will 


cause the CPU to transfer 
control to an interrupt vector 
specified 
location. 


10 
OF 
Direction 
Flag-Causes 
string 


instructions 
to auto decrement 


the appropriate 
index register 


when set. Clearing 
OF causes 


auto increment. 


11 
OF 
Overflow 
Flag-Set 
if the 
signed result cannot 
be 
expressed 
within the number 


of bits in the destination 
operand; 
cleared 
otherwise 


physical 
address 
is calculated 
by shifting 
the base 
value LEFT by four bits and adding the 16-bit offset 
value to yield a 20-bit physical 
address 
(see Figure 
5). This allows for a 1 MByte physical 
address 
size. 


All 
instructions 
that 
address 
operands 
in memory 
must specify the base segment 
and the 16-bit offset 
value. For speed and compact 
instruction 
encoding, 


the segment 
register 
used for physical 
address 
gen- 
eration is implied by the addressing 
mode used (see 
Table 
3). These 
rules follow 
the way programs 
are 
written 
(see Figure 6) as independent 
modules 
that 
require areas for code and data, a stack, and access 
to external 
data areas. 


Special 
segment 
override 
instruction 
prefixes 
allow 


the 
implicit 
segment 
register 
selection 
rules 
to be 
overridden 
for special 
cases. 
The stack, 
data, and 
extra segments 
may coincide 
for simple programs. 
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GENERAL 
PURPOSE 
MOVS 
Move byte or word string 


MOV 
Move byte or word 
INS 
Input bytes or word string 


PUSH 
Push word onto stack 


I, 
POP 
OUTS 
Output bytes or word string 
Pop word off stack 


PUSHA 
Push all registers 
on stack 
CMPS 
Compare 
byte or word string 


POPA 
Pop all registers 
from stack 
SCAS 
Scan byte or word string 


XCHG 
Exchange 
byte or word 
LOOS 
Load byte or word string 


XLAT 
Translate 
byte 
STOS 
Store byte or word string 


INPUT IOUTPUT 
REP 
Repeat 


IN 
Input byte or word 
REPE/REPZ 
Repeat while equal/zero 


OUT 
Output byte or word 
REPNE/REPNZ 
Repeat while not equal/not 
zero 


ADDRESS 
OBJECT 
LOGICALS 


LEA 
Load effective 
address 
NOT 
"Not" 
byte or word 


LDS 
Load pointer 
using OS 
AND 
"And" 
byte or word 


LES 
Load pointer using ES 
OR 
"Inclusive 
or" byte or word 


FLAG TRANSFER 
XOR 
"Exclusive 
or" byte or word 


LAHF 
TEST 
"Test" 
byte or word 
Load AH register from flags 


SAHF 
Store AH register 
in flags 
SHIFTS 


SHL/SAL 
Shift logical/ arithmetic 
left byte or word 


PUSHF 
Push flags onto stack 
SHR 
Shift logical right byte or word 


POPF 
Pop flags off stack 
SAR 
Shift arithmetic 
right byte or word 


ADDITION 
ROTATES 


ADD 
Add byte or word 
ROL 
Rotate 
left byte or word 


ADC 
Add byte or word with carry 
ROR 
Rotate right byte or word 


INC 
Increment 
byte or word by 1 
RCL 
Rotate through 
carry left byte or word 


AAA 
ASCII adjust for addition 
RCR 
Rotate through 
carry right byte or word 


DAA 
Decimal 
adjust for addition 
FLAG OPERATIONS 


SUBTRACTION 
STC 
Set carry flag 


SUB 
Subtract 
byte or word 
CLC 
Clear carry flag 


SBB 
Subtract 
byte or word with borrow 
CMC 
Complement 
carry flag 
-- 


DEC 
Decrement 
byte or word by 1 
STD 
Set direction 
flag 


NEG 
Negate 
byte or word 
CLD 
Clear direction 
flag 


CMP 
Compare 
byte or word 
STI 
Set interrupt 
enable flag 
'. 


AAS 
ASCII adjust for subtraction 
CLI 
Clear interrupt 
enable flag 


DAS 
Decimal 
adjust for subtraction 
EXTERNAL 
SYNCHRONIZATION 


MULTIPLICATION 
HLT 
Halt until interrupt 
or reset 


MUL 
Multiply byte or word unsigned 
WAIT 
Wait for TEST pin active 


IMUL 
Integer multiply 
byte or word 
ESC 
Escape to extension 
processor 


AAM 
ASCII adjust for multiply 
LOCK 
Lock bus during next instruction 


DIVISION 
NO OPERATION 


DIV 
Divide byte or word unsigned 
NOP 
No operation 


IDIV 
Integer divide byte or word 
HIGH LEVEL INSTRUCTIONS 


AAD 
ASCII adjust for division 
ENTER 
Format stack for procedure 
entry 


CBW 
Convert 
byte to word 
LEAVE 
Restore 
stack for procedure 
exit 


CWD 
Convert 
word to doubleword 
BOUND 
Detects 
values outside 
prescribed 
range 


Fi 
ure 
" 
9 
4. 80C186 Instruction Set 
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JNC 
Jump if not carry 
JCXZ 
I 
Jump if register 
CX = 0 


JNE/JNZ 
Jump if not equal/not 
zero 
INTERRUPTS 


JNO 
Jump if not overflow 
INT 
Interrupt 


JNP/JPO 
Jump if not parity Iparity 
odd 
INTO 
Interrupt 
if overflow 


JNS 
Jump if not sign 
IRET 
Interrupt 
return 


Figure 
4. 80C186 Instruction 
Set (Continued) 


To access operands 
that do not reside in one of the 
four 
immediately 
available 
segments. 
a full 
32-bit 
pointer 
can be used to reload 
both the base (seg- 
ment) and offset values. 


lH'FTLEFT48ITSI 
1 2 
3 
4 
I:~~:ENT} 


15 
0 
LOGICAL 
1 1 
, 
3 
• i.1 
r 
l 
---,; 
ADDRESS 
19 
to. 
0 
0 
2 
2 
IOFFSET 
[~rl!,:!,~,:!:'II_•.., _~"~:J 
• 
~ 
0 
I, 
a 
" 


3 
, 
2 I 
PHYSICAL 
ADDAESS 
+ 
• 


TOMEMOAV 
270354-5 


Figure 
5. Two Component 
Address 


Table 
3. Segment 
Register 
Selection 
Rules 


Memory 
Segment 
Implicit 
Segment 
Reference 
Register 
Selection 
Rule 
Needed 
Used 


Instructions 
Code (CS) 
Instruction 
prefetch 
and 
immediate 
data. 
Stack 
Stack (SS) 
All stack pushes and 
pops; any memory 
references 
which use BP 
Register 
as a base 
register. 
External 
Extra (ES) 
All string instruction 
Data 
references 
which use 
(Global) 
the 01 register as an 
index. 
Local Data 
Data (OS) 
All other data references. 


r---, 
I 
I 


~ 


ODE 
MOOUlEA 


DATA 


I 
I 


CPU 


MODULE 
B 1----1--, 


CODE 


DATA 


STACK 


PROCESS 
DATA 
BLOCK 
1 


PROCESS 
STACK 
EXTRA 


SEGMENT 
REGISTERS 


, 
I 
I 


PROCEssD 
DATA 
BLOCK 2 


I 
I 
L 
J 


MEMORY 
270354-6 


Figure 
6. Segmented 
Memory 
Helps 
Structure 
Software 
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Addressing 
Modes 


The 80C186 
provides 
eight categories 
of addressing 
modes 
to specify 
operands. 
Two addressing 
modes 
are provided 
for instructions 
that operate 
on register 
or immediate 
operands: 


• 
Register 
Operand 
Mode: The operand 
is located 
in one of the 8- or 16-bit general 
registers. 


• 
Immediate 
Operand 
Mode: 
The 
operand 
is in- 
cluded 
in the instruction. 


Six modes are provided 
to specify the location 
of an 
operand 
in a memory 
segment. 
A memory 
operand 
address 
consists 
of two 
16-bit components: 
a seg- 
ment base and an offset. The segment 
base is sup- 
plied 
by a 16-bit 
segment 
register 
either 
implicitly 
chosen 
by the addressing 
mode or explicitly 
chosen 
by a segment 
override 
prefix. The offset, 
also called 
the effective 
address, 
is calculated 
by summing 
any 
combination 
of 
the 
following 
three 
address 
ele- 
ments: 


• 
the displacement 
(an 8- or 16-bit immediate 
value 
contained 
in the instruction); 


• 
the base 
(contents 
of either the BX or BP base 
registers); 
and 


• 
the index 
(contents 
of either 
the SI or 01 index 
registers). 


Any 
carry 
out from 
the 
16-bit 
addition 
is ignored. 
Eight-bit 
displacements 
are sign extended 
to 16-bit 
values. 


Combinations 
of these 
three 
address 
elements 
de- 
fine the 
six memory 
addressing 
modes, 
described 
below. 


• 
Direct Mode: The operand's 
offset is contained 
in 
the instruction 
as an 8- or 16-bit displacement 
el- 
ement. 


• 
Register 
Indirect Mode: The operand's 
offset is in 
one of the registers 
SI, 01, BX, or BP. 


• 
Based Mode: The operand's 
offset 
is the sum of 
an 8- or 16-bit displacement 
and the contents 
of 
a base register 
(BX or BP). 


• 
Indexed 
Mode: 
The operand's 
offset 
is the sum 
of an 8- or 16-bit displacement 
and the contents 
of an index register 
(SI or 01). 


• 
Based Indexed Mode: The operand's 
offset is the 
sum of the contents 
of a base 
register 
and an 
Index register. 


• 
Based indexed 
Mode with Displacement: 
The op- 
erand's 
offset is the sum of a base register's 
con- 
tents, 
an index register'S 
contents, 
and an 8- or 
16-bit displacement. 


Data Types 


The 
80C186 
directly 
supports 
the 
following 
data 
types: 


• 
Integer: 
A signed binary numeric value contained 
in an 8-bit by1e or a 16-bit word. 
All operations 
assume' 
a 
2's 
complement 
representation, 
Signed 32- and 64-bit integers 
are supported 
us- 
ing 
a 
Numeric 
Data 
Co processor 
with 
the 
80C186. 


• 
Ordinal: 
An unsigned 
binary 
numeric 
value 
con- 
tained 
in an 8-bit by1e or a 16-bit word. 


• 
Pointer: 
A 16- or 32-bit quantity, 
composed 
of a 
16-bit offset component 
or a 16-bit segment 
base 
component 
in addition 
to a 16-bit offset 
compo- 
nent. 


• 
String: A contiguous 
sequence 
of by1es or words. 
A string may contain 
from 1 to 64K by1es. 


• ASCII: A by1e representation 
of alphanumeric 
and 
control 
characters 
using 
the 
ASCII 
standard 
of 
character 
representation. 


• 
BCD: 
A by1e (unpacked) 
representation 
of the 
decimal 
digits 0-9. 


• 
Packed 
BCD: A by1e (packed) 
representation 
of 
two decimal 
digits 
(0-9). 
One 
digit 
is stored 
in 
each nibble (4-bits) of the by1e. 


• 
Floating 
Point: 
A signed 
32-, 64-, or 80-bit 
real 
number 
representation. 
(Floating 
point operands 
are supported 
using a Numeric 
Data Coprocessor 
with the 80C186.) 


In general, 
individual 
data elements 
must fit within 
defined 
segment 
limits. 
Figure 
7 graphically 
repre- 


sents the data types supported 
by the 80C186. 


1/0 Space 


The 
1/0 
space 
consists 
of 64K 8-bit or 32K 
16-bit 
ports. 
Separate 
instructions 
address 
the 1/0 space 
with either an 8-bit port address, 
specified 
in the in- 
struction, 
or a 16-bit port address 
in the OX register. 
8-bit 
port 
addresses 
are zero 
extended 
such 
that 
A15-Ae 
are 
LOW. 
1/0 
port 
addresses 
00F8(H) 
through 
OOFF(H) are reserved. 


Interrupts 


An interrupt 
transfers 
execution 
to a new program 
location. 
The old program 
address 
(CS:IP) and ma- 
chine state (Status Word) are saved on the stack to 
allow 
resumption 
of the interrupted 
program. 
Inter- 


rupts fall into three 
classes: 
hardware 
initiated, 
INT 
instructions, 
and 
instruction 
exceptions. 
Hardware 
initiated 
interrupts 
occur 
in response 
to an external 
input and are classified 
as non-maskable 
or maska.- 
ble. 
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MAGNITUOE 
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NOTE: 
'Supported by using a Numeric Data Coprocessor with 
the 80C186. 


Figure 7. 80C186 Supported 
Data Types 


Programs 
may cause 
an interrupt' 
with 
an INT in- 
struction. 
Instruction 
exceptions 
occur when an un- 
usual 
condition; 
which 
prevents 
further 
instruction 
processing, 
is detected 
while attempting 
to execute 
an instruction. 
If the exception 
was caused 
by exe- 
cuting an ESC instruction 
with the ESC trap bit set in 
the 
relocation 
register, 
the 
return 
instruction 
will 
point to the ESC instruction, 
or to the segment 
over- 
ride prefix 
immediately 
preceding 
the 
ESC instruc- 
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tion if the prefix was present. 
In all other cases, the 
return 
address 
from 
an exception 
will point 
at the 
instruction 
immediately 
following 
the 
instruction 
causing 
the exception. 


A table 
containing 
up to 256 
pointers 
defines 
the 
proper interrupt 
service routine for each interrupt. 
In- 
terrupts 
0-31, 
some 
of which 
are used for instruc- 
tion 
exceptions, 
are reserved. 
Table 
4 shows 
the 
80C186 
predefined 
types and default 
priority 
levels. 
For each interrupt, 
an 8-bit vector 
must be supplied 
to the 80C186 which identifies 
the appropriate 
table 
entry. 
Exceptions 
supply 
the interrupt 
vector 
inter- 
nally. 
In addition, 
internal 
peripherals 
and 
noncas- 
caded 
external 
interrupts 
will 
generate 
their 
own 
vectors 
through 
the internal 
interrupt 
controller. 
INT 
instructions 
contain 
or imply 
the 
vector 
and 
allow 
access 
to all 256 interrupts. 
Maskable 
hardware 
ini- 
tiated 
interrupts 
supply 
the 8-bit vector 
to the CPU 
during 
an 
interrupt 
acknowledge 
bus 
sequence. 
Non-rnaskable 
hardware 
interrupts 
use a predefined 
internally 
supplied 
vector. 


Interrupt Sources 


The 
80C186 
can 
service 
interrupts 
generated 
by 
software 
or hardware. 
The 
software. 
interrupts 
are 
generated 
by specific 
instructions 
(INT, ESC, unused 
OP, etc.) 
or the 
results 
of conditions 
specified 
by 
instructions 
(array 
bounds 
check, 
INTO, DIV, IDIV, 
etc.). All interrupt sources 
are serviced 
by an indirect 
call through an element 
of a vector table. This vector 
table 
is indexed 
by using the 
interrupt 
vector 
type 
(Table 4), multiplied 
by four. All hardware-generated 
interrupts 
are sampled 
at the end of each 
instruc- 
tion. Thus, the software 
interrupts 
will begin service 
first. Once the service 
routine 
is entered 
and inter- 


rupts are enabled, 
any hardware 
source of sufficient 
priority can interrupt 
the service 
routine 
in progress. 


Those 
pre-defined 
80C186 
interrupts 
which 
cannot 
be masked 
by programming 
are described 
below. 


DIVIDE 
ERROR 
EXCEPTION 
(TYPE 
0) 


Generated 
when 
a DIV or IDIV instruction 
quotient 
cannot 
be expressed 
in the number 
of bits in the 
destination. 


SINGLE-STEP 
INTERRUPT 
(TYPE 
1) 


Generated 
after 
most 
instructions 
if the TF flag in 
the status word is set. This interrupt 
allows programs 
to execute 
one instruction 
at a time. 
Interrupts 
will 
not be generated 
after prefix instructions 
(e.g., REP), 
instructions 
which 
modify 
segment 
registers 
(e.g., 
POP OS), or the WAIT instruction. 
Vectoring 
to the 
single-step 
interrupt service routine clears the TF bit. 


An IRET instruction 
in the interrupt 
service 
routine 


inter 
80C186 


Table 
4 80C186 
Interrupt 
Vectors 


Interrupt 
I 
Vector 
Vector 
Default 
Related 
Applicable 


Name 
Type 
Address 
Priority 
Instructions 
Notes 


Divide Error Exception 
0 
OOH 
1 
DIV,IDIV 
1 


Single Step Interrupt 
1 
04H 
1A 
All 
2 


Non-Maskable 
Interrupt 
(NMI) 
2 
08H 
1 
All 
" 


Breakpoint 
Interrupt 
3 
OCH 
1 
INT 
1 


INTO Detected 
Overflow 
Exception 
4 
10H 
1 
INTO 
1 


Array Bounds Exception 
5 
14H 
1 
BOUND 
1 


Unused Opcode 
Exception 
6 
18H 
1 
Undefined 
1 
Opcodes 


ESC Opcode 
Exception 
7 
1CH 
1 
ESCOpcodes 
1,3 
(Co processor) 


Timer 0 Interrupt 
, 
8 
20H 
2A 
4 


Timer 1 Interrupt 
J, 
18 
48H 
2B 
4,6 


Timer 2 Interrupt 
19 
4CH 
2C 
4,6 


Reserved 


'. 
9 
24H 
3 


DMA 0 Interrupt 
10 
28H 
4 
6 


DMA 1 Interrupt 
11 
2CH 
5 
6 


INTO Interrupt 
12 
30H 
6 


INT1 Interrupt 
13 
34H 
7 


INT2 Interrupt 
t 
14 
38H 
8 
I 


INT3 Interrupt 
15 
3CH 
9 


Numerics 
Coprocessor 
Exception 
16 
40H 
1 
ESCOpcodes 
1,5 
(Numerics 
Coprocessor) 


Reserved 
, 
". 
17 
44H 


Reserved 
20-31 
50H ... 
7CH 
" 


NOTES: 
Default 
priorities 
for the interrupt 
sources 
are used only if the user does not program 
each source 
to a unique 
priority 
level. 


1. Generated 
as a result of an instruction 
execution. 


2. Performed 
in the same manner 
as 8086. 


3. An ESG (coprocessor) 
opcode 
will cause 
a trap if the 80G186 
is in compatible 
mode 
or if the processor 
is in Enhanced 
Mode with the proper 
bit set in the peripheral 
control 
block relocation 
register. 
The 80C186 
Is not 
directly 
compatible 
with 
the 
80186 
In this 
respect. 
4. All three 
timers constitute 
one source 
of request 
to the interrupt 
controller. 
As such, they share the same priority 
level with 


respect 
to other 
interrupt 
sources. 
However, 
the timers 
have a defined 
priority 
order among 
themselves 
(2A > 28 > 2C). 


5. Numerics 
coprocessor 
exceptions 
are detected 
by the 80G186 
upon execution 
of a subsequent 
numerics 
instruction. 


6. The vector 
type numbers 
for these 
sources 
are programmable 
in Slave Mode. 


restores 
the TF bit to logic "1" 
and transfers 
control 
to the next instruction 
to be single-stepped. 
BREAKPOINT 
INTERRUPT. 
(TYPE 
13) 


A one-byte 
version 
of the INT instruction. 
It uses 12 
as an index 
into the service 
routine 
address 
table 
(because 
it is a type 3 interrupt). 
NON-MASKABLE 
INTERRUPT -NMI 
(TYPE 
2) 


An external 
interrupt 
source 
which 
is serviced 
re- 
gardless 
of the state of the IF bit. No external 
inter- 
rupt acknowledge 
sequence 
is performed. 
The IF bit 


is cleared 
at the 
beginning 
of an NMI interrupt 
to 
prevent 
maskable 
interrupts 
from being serviced. 
A 
typical 
use of NMI would be to activate 
a power fail- 
ure routine. 


INTO DETECTED 
OVERFLOW 
EXC:EPTION 
(TYPE4) 


Generated 
during an INTO instruction 
if the OF bit is 
set. 
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ARRAY 
BOUNDS 
EXCEPTION 
(TYPE 
5) 


Generated 
during 
a BOUND 
instruction 
if the array 
index is outside 
the array bounds. The array bounds 
are located 
in memory at a location 
indicated 
by one 
of the instruction 
operands. 
The other operand 
indi- 
cates the value of the index to be checked. 


UNUSED 
OPCODE 
EXCEPTION 
(TYPE 6) 


Generated 
if execution 
is attempted 
on undefined 
opcodes. 


ESCAPE 
OPCODE 
EXCEPTION 
(TYPE 
7) 


Generated 
if execution 
is attempted 
of ESC opcodes 
(D8H-DFH). 
In compatible 
mode 
operation, 
ESC 
opcodes 
will always 
generate 
this exception. 
In en- 
hanced mode operation, 
the exception 
will be gen~r- 
ated only if a bit in the relocation 
register is set. The 
return address of this exception 
will point to the ESC 
instruction 
causing the exception. 
If a segment 
over- 
ride prefix preceded 
the ESC instruction, 
the return 
address 
will point to the segment 
override 
prefix. 


NOTE: 
80C186 
processing 
of ESC (numerics 
coprocessor) 
opcodes 
differs 
substantially 
from the 80186. 


NUMERICS 
COPROCESSOR 
EXCEPTION 
(TYPE 
16) 


An interrupt 
generated 
in response 
to an unmasked 
errorin 
the 80C187 
Numerics 
Coprocessor 
Exten- 
sion. In general, 
the 80C187 
does not detect 
an er- 
ror until the 
instruction 
after 
the error 
occurred. 
A 
numerics 
coprocessor 
error 
is 
signalled 
to 
the 
80C187 
on its ERROR 
input pin. 


Hardware-generated 
interrupts 
are divided 
into two 
groups: 
maskable 
interrupts 
and non-maskable 
in- 
terrupts. 
The 80C186 
provides 
maskable 
hardware 
interrupt 
request 
pins INTO-INT3. 
In addition, 
mask- 
able interrupts 
may be generated 
by the 80C186 
in- 
tegrated 
DMA 
controller 
and 
the 
integrated 
timer 
unit. The vector 
types for these 
interrupts 
is shown 
in Table 4. Software 
enables 
these inputs by setting 
the interrupt 
flag bit (IF) in the Status Word. The in- 
terrupt 
controller 
is discussed 
in the peripheral 
sec- 
tion of this data sheet. 


Further 
maskable 
interrupts 
are disabled 
while serv- 
icing an interrupt 
because 
the IF bit is reset as part 
of the 
response 
to an interrupt 
or exception. 
The 
saved 
Status 
Word will reflect 
the enable 
status 
of 
the processor 
prior to the interrupt. 
The interrupt flag 
will remain zero unless specifically 
set. The interrupt 
return instruction 
restores 
the Status Word, thereby 


restoring 
the original 
status of IF bit. If the interrupt 
return re-enables 
interrupts, 
and another 
interrupt 
is 
pending, 
the 
80C186 
will 
immediately 
service 
the 
highest-priority 
interrupt 
pending, 
i.e., no instructions 
of the main line program 
will be executed. 


Initialization and Processor Reset 


Processor 
initialization 
is accomplished 
by driving 
the RES input pin LOW. RES must be LOW during 
power-up 
to ensure proper device 
initialization. 
RES 
forces 
the 
80C186 
to terminate 
all execution 
and 
local 
bus activity. 
No instruction 
or bus activity 
will 
occur as long as RES is active. After RES becomes 
inactive 
and an internal 
processing 
interval 
elapses, 


the 80C186 
begins execution 
with the instruction 
at 
physical 
location 
FFFFO(H). 
RES 
also 
sets 
some 
registers 
to predefined 
values 
as shown 
in Table 5. 


Table 
5. 80C186 Initial 
Register 
State 
after 
RESET 


F002(H) 
OOOO(H) 
FFFF(H) 
OOOO(H) 
OOOO(H) 
OOOO(H) 
20FF(H) 
FFFB(H) 


Status Word 
Instruction 
Pointer 
Code Segment 
Data Segment 
Extra Segment 
Stack Segment 
Relocation 
Register 
UMCS 


80C186 
CLOCK 
GENERATOR 


The 80C186 
provides 
an on-chip 
clock generator 
for 
both 
internal 
and 
external 
clock 
generation. 
The 
clock generator 
features 
a crystal oscillator, 
a divide- 
by-two 
counter, 
synchronous 
and 
asynchronous 
ready inputs, and reset circuitry. 


Oscillator 


The 80C186 
oscillator 
circuit is designed 
to be used 
either with a parallel 
resonant 
fundamental 
or third- 


overtone 
mode crystal, depending 
upon the frequen- 
cy range 
of the application 
as shown 
in Figure 
8c. 


This is used as the time base for the 80C186. 
The 
crystal 
frequency 
chosen 
should 
be twice 
the 
re- 


quired processor 
frequency. 
Use of an LC or RC cir- 
cuit is not recommended. 


The output 
of the oscillator 
is not directly 
available 
outside 
the 80C186. 
The two recommended 
crystal 
configurations 
are 
shown 
in 
Figures 
8a 
and 
8b. 


When 
used in third-overtone 
mode 
the tank 
circuit 
shown in Figure 8b is recommended 
for stable oper-. 


ation. The sum of the stray capacitances 
and load- 
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]I,. I AL t-requency 
20 Mhz 
25Mhz 
32 Mhz 


L1 Value 
12.0,.H ±20% 
8.2,.H ±20% 
4.7,.H ±20% 


I' 
Third-Overtone 
---...!.I 
Fundamental----j 


I 
I 
'I 
I 


Recommended Crystal Mode 


Desired CPU Frequency 
10 MHz 
12.5 MHz 


I External Clock Source >-- 
Xl 


N.C. 
X2 


80C186 


(Bd) 
270354-27 


270354-28 


16MHz 
270354-8 
(8c) 


(Be) 


.. 


-:F Xl 


••••• 
Ex••te-r-n..,al""'C 
••lo-c••• 
k•••S,..o-ur-c-e 
•••. 
~ 
X2 


BOC186 


(DO NOT USE) 


Figure 8. 80C186 Oscillator 
Configurations 
(see text) 


ing capacitors 
should 
equal the values 
shown. 
It is 
advisable 
to limit stray capacitance 
between 
the X1 
and X2 pins to less than 10 pF. While a fundamen- 
tal-mode 
circuit 
will require 
approximately 
1 ms for 
start-up, the third-overtone 
arrangement 
may require 
1 ms to 3 ms to stabilize. 


Alternately, 
the oscillator 
may be driven from an ex- 


ternal source 
as shown in Figure 8d. The configura- 


tion shown 
in Figure 8e is not recommended. 


Intel recommends 
the following 
values for crystal se- 


lection 
parameters. 


Temperature 
Range: 


ESR (Equivalent 
Series Resistance): 
Co (Shunt Capacitance 
of Crystal): 


Oto 70·C 
400max 
7.0 pFmax 


Ci (Load Capacitance): 
Drive Level: 


20 pF ± 2 pF 
1 mWmax 


Clock Generator 


The 80C186 
clock generator 
provides 
the 50% duty 


cycle processor 
clock for the 80C186. 
It does this by 


dividing 
the oscillator 
output 
by 2 forming 
the sym- 


metrical 
clock. 
If an external 
oscillator 
is used, the 


state of the clock generator 
will change 
on the fail- 


ing edge of the oscillator 
signal. 
The CLKOUT 
pin 


provides 
the processor 
clock 
signal 
for use outside 


the 80C186. This may be used to drive other system 
components. 
All timings are referencod 
to the output 


clock. 
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READY Synchronization 


The 80C186 
provides 
both synchronous 
and asyn- 
chronous 
ready 
inputs. 
Asynchronous 
ready 
syn- 
chronization 
is accomplished 
by circuitry which sam- 
ples ARDY in the middle of T2, T3, and again in the 
middle 
of each 
Tw until 
ARDY 
is sampled 
HIGH. 
One-half 
CLKOUT 
cycle 
of resolution 
time is used 
for full synchronization 
of a rising ARDY 
signal. 
A 
high-to-Iow 
transition 
on ARDY 
may be used as an 
indication 
of the not ready condition 
but it must be 
performed 
synchronously 
to CLKOUT 
either 
in the 
middle of T2, T3, or Tw, or at the falling edge of T3 
orTw· 


A second 
ready 
input 
(SRDY) 
is provided 
to inter- 
face with externally 
synchronized 
ready signals. This 
input is sampled 
at the end of T2, T3 and again at 
the 
end 
of each 
Tw until 
it is sampled 
HIGH. 
By 
using this input rather than the asynchronous 
ready 
input, the half-clock 
cycle resolution 
time penalty 
is 
eliminated. 
This input 
must satisfy 
set-up 
and hold 
times to guarantee 
proper operation 
of the circuit. 


In addition, 
the 
80C186" 
as part 
of the 
integrated 
chip-select 
logic, has the capability 
to program WAIT 
states for memory and peripheral 
blocks. This is dis- 
cussed 
in the Chip' Select!Ready 
Logic description. 


RESET Logic 


The 80C186 
provides 
both a RES input pin and a 
synchronized 
RESET 
output 
pin for use with other 
system 
components. 
The 
RES 
input 
pin 
on 
the 
80C186 
is provided 
with hysteresis 
in order to facili- 
tate power-on 
Reset generation 
via an RC network. 
RESET output 
is guaranteed 
to remain active for at 
least 
five clocks 
given 
a RES input of at least 
six 
clocks. 
RESET may be delayed ~ 
approximately 
two and one-half 
clocks 
behind 
RES. 


LOCAL BUS CONTROLLER 


The 80C186 provides 
a local bus controller 
to gener- 
ate the local bus control 
signals. 
In addition, 
it em- 
ploys 
a HOLD/HLDA 
protocol 
for relinquishing 
the 
local bus to other bus masters. 
It also provides 
out- 
puts that can be used to enable external 
buffers and 
to direct the flow of data on and off the local bus. 


Memory IPeripheral 
Control 


The 80C186 
provides 
ALE, RD, and WR bus control 
signals. The RD and WR signals are used to strobe 
data from memory or /10 to the 80C186 or to strobe 
data from the 80C186 
to memory 
or I/O. 
The ALE 
line provides 
a strobe to latch the address when it is 
valid. The 80C186 
local bus controller 
does not pro- 


vide a memory/I/O 
signal. If this is required, 
use the 
S2 signal (which will require external 
latching), 
make 
the memory 
and I/O spaces 
nonoverlappinq, 
or use 
only the integrated 
chip-select 
circuitry. 


Transceiver 
Control 


The 80C186 generates 
two control 
signals for exter- 
nal transceiver 
chips. This capability 
allows the addi- 
tion of trans?eivers 
for extra buffering 
wi!!)out adding 
external 
loqic, These 
control 
lines, DT /R and DEN, 
are generated 
to control the flow of data through 
the 
transceivers. 
The 
operation 
of 
these 
signals 
is 
shown 
in Table 6. 


Table 6. Transceiver 
Control 
Signals Description 


Pin Name 
Function 


DEN 
Enables the output drivers of the 
(Data Enable) 
transceivers. 
It is active LOW 
during memory, 110, numeric 
processor 
extension, 
or INTA 
cycles. 
DTlR 
Determines 
the direction 
of travel 
(Data Transmit! 
through the transceivers. 
A HIGH 


Receive) 
level directs data away from the 
processor 
during write 
operations, 
while a LOW level 
directs data toward the processor 
during a read operation. 


Local Bus Arbitration 


The 80C186 
uses 
a HOLD/HLDA 
system 
of local 
bus exchange. 
This provides 
an asynchronous 
bus 
exchange 
mechanism. 
This means multiple 
masters 
utilizing the same bus can operate 
at separate 
clock 
frequencies. 
The 80C186 
provides 
a single 
HOLD/ 
HLDA pair through 
which all other bus masters 
may 
gain control 
of the local bus. External 
circuitry 
must 
arbitrate 
which 
external 
device 
will gain control 
of 
the bus when there is more than one alternate 
local 
bus master. 
When 
the 80C186 
relinquishes 
control 
of the 
local 
bus, 
it floats 
DEN, 
RD, WR, 
SO-S2, 
LOCK, 
ADO-AD15, 
A16-A19, 
BHE, 
and 
DTlR 
to 
allow another 
master to drive these 
lines directly. 


The 80C186 
HOLD 
latency 
time, 
i.e., the time 
be- 
tween 
HOLD request 
and HOLD acknowledge, 
is a 
function 
of the 
activity 
occurring 
in the 
processor 
when 
the 
HOLD 
request 
is received. 
A HOLD 
re- 
quest 
is second 
only to DRAM 
refresh 
requests 
in 
priority 
of activity 
requests 
the 
processor 
may re- 


ceive. Any bus cycle 
in progress 
will be completed 
before the 80C186 relinquishes 
the bus. This implies 
that 
if a HOLD 
request 
is received 
just as a DMA 
transfer 
begins, 
the HOLD latency 
can be as great 
as 4 bus cycles. This will occur if a DMA word trans- 
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fer operation 
is taking place from an odd address to 
an odd address. 
This is a total of 16 clock cycles or 
more 
if WAIT 
states 
are 
required. 
In addition. 
if 
locked 
transfers 
are performed. 
the 
HOLD 
latency 
time will be increased 
by the length 
of the locked 
transfer. 


If the 80C186 
has relinquished 
the bus and a refresh 
request 
is pending. 
HLDA is removed 
(driven low) to 
signal the remote processor 
that the 80C186 wishes 
to regain 
control 
of the bus. The 80C186 
will wait 
until HOLD is removed 
before 
taking 
control 
of the 
bus to run the refresh 
cycle. 


Local Bus Controller 
and Reset 


During RESET 
the local bus controller 
will perform 
the following 
action: 


• 
Drive DEN. RD. and WR HIGH for one clock cy- 
cle. then float them. 


• 
Drive SO-S2 
to the inactive 
state (all HIGH) and 
then float. 


• 
Drive LOCK HIGH and then float. 


• 
Float ADO-15. 
A 16-19. 
SHE. DT/R. 


• 
Drive ALE LOW 


• 
Drive HLDA LOW. 


AD/QSMD, 
UCS, 
LeS, 
MCSO/PEREQ, 
MCS1/ 
ERROR. 
and TEST /SUSY 
pins have internal 
pullup 
devices 
which 
are active 
while 
RES is applied. 
Ex- 
cessive 
loading 
or grounding 
certain 
of these 
pins 
causes 
the 80C186 
to enter an alternative 
mode of 
operation: 


• 
RD/QSMD 
low results in Queue Status Mode. 


• 
UCS and LCS low results in ONCETM Mode. 


• 
TEST /SUSY 
low (and high later) 
results 
in En- 
hanced 
Mode. 


INTERNAL 
PERIPHERAL 
INTERFACE 


All the 80C186 
integrated 
peripherals 
are controlled 
by 16-bit registers 
contained 
within an internal 
256- 
byte 
control 
block. 
The 
control 
block 
may 
be 
mapped 
into either 
memory 
or I/O 
space. 
Internal 
logic will recognize 
control 
block addresses 
and re- 
spond 
to bus cycles. 
During 
bus cycles 
to internal 
registers. 
the bus controller 
will signal the operation 
externally 
(i.e .• the 
RD. WR. status. 
address. 
data. 
etc .• lines will be driven 
as in a normal 
bus cycle). 
but D15-0. 
SRDY. 
and ARDY 
will be ignored. 
The 
base 
address 
of the 
control 
block 
must 
be on an 
even 256-byte 
boundary 
(i.e .• the lower 8 bits of the 
base address 
are all zeros). All of the defined 
regis- 
ters within this control 
block may be read or written 
by the 80C186 
CPU at any time. 


The control 
block base address 
is programmed 
by a 
16-bit relocation 
register contained 
within the control 
block 
at offset 
FEH from 
the base 
address 
of the 
control 
block (see Figure 9). It provides 
the upper 12 
bits of the base address 
of the control 
block. 
The 
control 
block 
is effectively 
an internal 
chip 
select 
range 
and 
must 
abide 
by all the 
rules 
concerning 
chip 
selects 
(the chip 
select 
circuilry 
is discussed 
later in this data sheet). Any access to the 256 bytes 
of the control 
block activates 
an internal 
chip select. 


Other 
chip 
selects 
may overlap 
the 
control 
block 
only if they are programmed 
to zero wait states and 
ignore external 
ready. In addition. 
bit 12 of this regis- 


'ter 
determines 
whether 
the 
control 
block 
will 
be 
mapped into I/O or memory space. If this bit is 1. the 
control 
block will be located 
in memory 
space. If the 
bit is O. the 
control 
block 
will 
be 
located 
in 1/0 
space. 
If the control 
register 
block 
is mapped 
into 
I/O 
space. 
the 
upper 
4 bits 
of the 
base 
address 
must be programmed 
as 0 (since 110 addresses 
are 
only 16 bits wide). 


In addition 
to providing 
relocation 
information 
for the 
control 
block. 
the 
relocation 
registEir contains 
bits 
which place the interrupt 
controller 
into Slave Mode. 
and cause 
the CPU to interrupt 
upon encountering 
ESC instructions. 
At RESET. the relocation 
register 
is set to 20FFH. 
which 
maps 
the control 
block 
to 
start at FFOOH in I/O 
space. 
An offset 
map of the 
256-byte 
control 
register 
block 
is shown 
in Figure 
10. 


CHIP-SELECT IREADY 
GENIERATION 
LOGIC 


The 80C186 contains 
logic which provides 
program- 
mable chip-select 
generation 
for both memories 
and 
peripherals. 
In addition. 
it can 
be programmed 
to 
provide 
READY 
(or W~IT 
state) 
generation. 
It can 
also provide 
latched 
address 
bits At 
and A2. The 
chip-select 
lines are active 
for all memory 
and I/O 
cycles 
in their programmed 
areas. whether 
they be 
generated 
by the CPU or by the integrated 
DMA unit. 


Memory Chip Selects 


The 80C186 
provides 
6 memory 
chip select outputs 
for 3 address 
areas; upper memory. 
lower memory. 
and midrange 
memory. One each is provided 
for up- 
per memory 
and lower memory. 
whil<3 four are pm- 
vided for midrange 
memory. 


The range for each chip select 
is user-proqramma- 
ble and can be set to 2K. 4K. 8K. 16K. 32K. 64K. 
128K (plus 
1K and 256K 
for upper 
and lower 
chip 
selects). 
In addition. 
the beginning 
or base address 
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15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
0 
OFFSET: 
FEH I ET ISLAVE/MASTERl 
X 
lMIIOl 
Relocation Address Bits R.19-R8 
ET 
= ESCTrap I No ESCTrap (1/0) 
MIIO = Register block located in Memory 11/0 Space (1/0) 
SLAVE/MASTER = Configures interrupt controller for SlavelMaster Mode (1/0) 


OFFSET 


Figure 
9. Relocation 
Regist~r 


20H 


Relocation Register 


DMA Descriptors Channel 1 


.. 
DMA Descriptors Channel 0 


Chip-Select Control Registers 


TIme 2 Control Registers 


TIme 1 Control Registers 


Time 0 Control Registers 


Interrupt Controller Registers 


FEH 


DAH 


DOH 


CAH 


COH 


A8H 


AOH 


66H 


60H 


5EH 


58H 


56H 


50H 


3EH 


Figure 
10. Internal 
Register 
Map 


of the 
mid range 
memory 
chip 
select 
may also 
be 
selected. 
Only one chip select 
may be programmed 
to be active 
for any memory 
location 
at a time. All 
chip 
select 
sizes 
are 
in bytes, 
whereas 
80C186 
memory 
is arranged 
in words. This means that if, for 
example, 
16 64K x 1 memories 
are used, the memo- 
ry block size will be 128K, not 64K. 


Upper Memory CS 


The 80C186 
provides 
a chip select, 
called 
UCS, for 
the top 
of memory. 
The top of memory 
is usually 
used as the system memory 
because 
after reset the 
80C186 
begins 
executing 
at 
memory 
location 
FFFFOH. 


The upper limit of memory defined 
by this chip select 
is always 
FFFFFH, 
while the lower limit is program- 
mable. 
By programming 
the lower 
limit, the size of 
the select 
block is also defined. 
Table 7 shows 
the 
relationship 
between 
the base address 
selected 
and 
the size of the memory 
block obtained. 


Table 
7. UMCS Programming 
Values 


Starting 
Memory 
UMCSValue 
Address 
Block 
(Assuming 
(Base 
Address) 
Size 
RO=R1 
=R2=0) 


FFCOO 
1K 
FFF8H 
FF800 
2K 
FFB8H 
FFOOO 
4K 
FF38H 
FEOOO 
8K 
FE38H 
FCOOO 
16K 
FC38H 
• 
F8000 
32K 
F838H 
FOOOO 
64K 
F038H 
EOOOO 
128K 
E038H 
COOOO 
256K 
C038H 


The lower limit of this memory block is defined 
in the 
UMCS 
register 
(see Figure 
11). This 
register 
is at 
offset 
AOH in the 
internal 
control 
block. 
The 
legal 
values 
for bits 6-13 
and the resulting 
starting 
ad- 
dress and memory 
block sizes are given in Table 7. 
Any combination 
of bits 6-13 
not shown 
in Table 7 
will 
result 
in undefined 
operation. 
After 
reset, 
the 
UMCS register is programmed 
for a 1K area. It must 
be reprogrammed 
if a larger upper 
memory 
area is 
desired. 


The internal generation 
of any 20-bit address whose 
upper 16 bits are equal to or greater than the UMCS 
value (with bits 0-5 
as "0") 
asserts UCS. UMCS bits 
R2-RO 
specify the ready mode for the area of mem- 
ory defined 
by the chip select 
register, 
as explained 
later. 
. 


Lower Memory CS 


The 80C186 
provides 
a chip select 
for low memory 
called 
LCS. The bottom 
of memory 
contains 
the in- 
terrupt 
vector 
table, starting 
at location 
OOOOOH. 
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The lower limit of memory defined by this chip select 
is always OH,while the upper limit is programmable. 
By programming the upper limit, the size of the 
memory block is defined. Table 8 shows the relation- 
ship between the upper address selected and the 
size of the memory block obtained. 


Table 8. LMCS Programming Values 


Upper 
Memory 
LMCSValue 
Block 
(Assuming 
Address 
Size 
RO=R1=R2=O) 


003FFH 
1K 
0038H 
007FFH 
2K 
0078H 
OOFFFH 
4K 
00F8H 
01FFFH 
8K 
01F8H 
03FFFH 
16K 
03F8H 
07FFFH 
32K 
07F8H 
OFFFFH 
64K 
OFF8H 
1FFFFH 
128K 
1FF8H 
3FFFFH 
256K 
3FF8H 


The upper limit of this memory block is defined in the 
LMCS register (see Figure 12) at offset A2H in the 
internal control block. The legal values for bits 6-15 
and the resulting upper address and memory block 
sizes are given in Table 8. Any combination of bits 
6-15 
not shown in Table 8 will result in undefined 
operation. After RESET, the LMCS register value is 
undefined. However, the LCS Chip-selectline will not 
become active until the LMCS register is accessed. 


Any internally generated 20-bit address whose up- 
per 16 bits are less than or equal to LMCS (with bits 
0-5 "1") will assert LCS. LMCS register bits R2-RO 
specify the READY mode for the area of memory 
defined by this chip-select register. 


Mid-Range Memory CS 


The 80C186 provides four MCS lines which are ac- 
tive within a user-locatable memory block. This 
block can be located within the 80C186 1M byte 
memory address space exclusive of the areas de- 
fined 
by 
UCS and 
LCS. 
Both 
the 
base 
ad- 


dress and size of this memory block are programma- 
ble. 


The size of the memory block defined by the mid- 
range select lines, as shown in Table 9, is deter- 
mined by bits 8-14 of the MPCSregister (see Figure 
13). This register is at location A8H in the internal 
control block. One and only one of bits 8-14 must 
be set at a time. Unpredictable operation of the MCS 
lines will otherwise occur. Each of the four chip-se- 
lect lines is active for one of the four equal contigu- 
ous divisions of the mid-range block. If the total 
block size is 32K, each chip select is active for 8K of 1 
memory with MCSObeing active for the first ranqe 
and MCS3 being active for the last range. 


The EX and MS in MPCS relate to peripheral func- 
tionality as described in a later section. 


Table 9. MPCS Programming Values 


Total Block 
Individual 
MPCSBlts 
Size 
Select Size 
14-8 


8K 
2K 
0000001B 
16K 
4K 
000001OB 
32K 
8K 
0000100B 
64K 
16K 
0001000B 
128K 
32K 
0010000B 
256K 
64K 
0100000B 
512K 
128K 
1000000B 


The base address of the mid-range memory block is 
defined by bits 15-9 of the MMCS register (see Fig- 
ure 14). This register is at offset A6H in the internal 
control 
block. 
These 
bits 
correspond 
to 
bits 
A19-A 13 of 
the 
20-bit 
memory address. 
Bits 
A12-AO of the base address are.always O.The base 
address may be set at any integer multiple of the 
size of the total memory block selected. For exam- 
ple, if the mid-range block size is 32K (or the size of 
the block for which each MCS line is active is 8K), 
the block could be located at 10000H or 18000H, 
but not at 14000H, since the first few integer multi- 
ples of a 32K memory block are OH, 8000H, 
10000H, 18000H, etc. After RESET, the contents of 
both registers are undefined. However, none of the 
MCS lines will be active until both the MMCS and 
MPCS registers are accessed. 


15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


OFFSET: 
AOHI 
1 I 
1 
U I u I u I u I u 
u 
u I u I 
1 
1 
1 I A2 I Al I AO I 
A19 
Al0 


Figure 11. UMCS Register 


15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


OFFSET: 
A2H I 0 I 
0 
u 
u I u I u I u 
u 
u I u I 
1 
1 
1 I A2 I Al I AO I 
A19 
Al0 


Figure 12. LMCS Register 
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tion for all four mid-range 
chip selects. 


The 512K block size for the mid-range 
memory 
chip 
selects 
is a special 
case. 
When 
using 
512K, 
the 
base address 
would 
have to be at either 
locations 
OOOOOHor 80000H. 
If it were to be programmed 
at 
OOOOOHwhen the LCS line was programmed, 
there 
would be an internal 
conflict 
between 
the LCS ready 
generation 
logic and the MCS ready generation 
log- 
ic. Likewise, 
if the base address 
were programmed 
at 80000H, 
there 
would 
be a conflict 
with the UCS 
ready 
generation 
logic. 
Since 
the 
LCS chip-select 
line does not become active until programmed, 
while 
the UCS line is active at reset, the memory base can 
be set only at OOOOOH.If this base address 
is select- 


ed, 
however, 
the 
LCS 
range 
must 
not 
be 
pro- 
grammed. 


In Enhanced 
Mode, three of the four MCS pins be- 
come 
handshaking 
pins for the 
80C187 
Numerics 
Processor 
Extension. 
MCS2 
is still available 
as a 
chip 
select 
covering 
one-fourth 
the 
mid-range 
ad- 
dress block, subject to the usual programming 
of the 
MPCS and MMCS registers. 


Peripheral Chip Selects 


The 80C186 can generate 
chip selects for up to sev- 
en peripheral 
devices. 
These chip selects 
are active 
for seven 
contiguous 
blocks 
of 128 bytes above 
a 


may be located 
in either memory 
or 1/0 space. 


Seven CS lines called PCSO-6 
are generated 
by the 
80C186. 
The 
base 
address 
is user-programmable; 
however 
it can only be a multiple 
of 1K bytes, 
i.e., 


the least significant 
10 bits of the starting 
address 
are always O. 


PCS5 and PCS6 can also be programmed 
to provide 
latched 
address 
bits A 1 and A2. If so programmed, 
they 
cannot 
be used 
as peripheral 
selects. 
These 
outputs 
can be connected 
directly 
to the AO and A 1 
pins used for selecting 
internal 
registers 
of external 
8-bit peripheral 
chips. This scheme 
simplifies 
the ex- 
ternal 
hardware 
because 
the 
peripheral 
registers 
can be located 
on even boundaries 
in 1/0 or memo- 
ry space. 


The 
starting 
address 
of the 
peripheral 
chip-select 
block 
is defined 
by the 
PACS 
register 
(see Figure 
15). The register is located at offset A4H in the inter- 
nal control 
block. 
Bits 
15-6 
of this register 
corre- 


spond 
to 
bits 
19-10 
of the 
20-bit 
Programmable 
Base 
Address 
(PBA) 
of the 
peripheral 
chip-select 
block. Bits 9-0 
of the PBA of the peripheral 
chip-se- 
lect 
block 
are all zeros. 
If the 
chip-select 
block 
is 
located 
in 
1/0 
space, 
bits 
12-15 
must 
be 
pro- 
grammed 
zero, since the 1/0 address 
is only 16 bits 
wide. 
Table 
10 shows 
the 
address 
range 
of each 
peripheral 
chip select 
with respect 
to the PBA con- 
tained 
in PACS register. 


15 
6 
5 
3 
0 
OFFSET: A4HI u I u I u I u I u I u I u I u I u I u I 
1 I 
1 
1 I R2 I R1 I RO I 


A19 
A10 


Figure 15. PACS Register 
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Table 12. READY Bits Programming 
The user should program 
bits 15-6 
to correspond 
to 
the desired 
peripheral 
base location. 
PACS bits 0-2 
are used to specify 
READY mode for PCSO-PCS3. 


Table 10. PCS Address 
Ranges 


PCS Line 
Active between 
Locations 


PCSO 
PBA 
-PBA+127 
PCS1 
PBA + 12B-PBA 
+ 255 
PCS2 
PBA + 256-PBA 
+ 383 
- 


PCS3 
PBA + 384-PBA 
+ 511 
PCS4 
PBA + 512-PBA 
+ 639 
PCS5 
PBA + 640-PBA 
+ 767 
PCS6 
PBA + 76B-PBA 
+ 895 


The mode of operation 
of the peripheral 
chip selects 
is defined 
by the MPCS register 
(which is also used 
to set the size of the mid-range 
memory 
chip-select 
block, see Figure 
13). The register 
is located 
at off- 
set A8H in the internal 
control 
block. Bit 7 is used to 
select the function 
of PCS5 and PCS6, while bit 6 is 
used to select 
whether 
the peripheral 
chip selects 
are mapped 
into 
memory 
or I/O 
space. 
Table 
11 
describes 
the programming 
of these 
bits. After 
RE- 
SET, the contents 
of both the MPCS and the PACS 
registers 
are undefined, 
however 
none of the PCS 
lines will be active until both of the MPCS and PACS 
registers 
are accessed. 


Table 11 MS EX Programming 
Values 
, 


Bit 
Description 


MS 
1 = Peripherals 
mapped into memory space. 
0= 
Peripherals 
mapped into I/O space. 


EX 
o = 5 PCS lines. A 1, A2 provided. 
1 = 7 PCS lines. A 1, A2 are not provided. 


MPCS bits 0-2 
specify the READY mode for PCS4- 
PCS6 as outlined 
below. 


READY Generation 
Logic 


The 80C186 can generate 
a READY si~1 
internally 
for each of the memory 
or peripheral 
CS lines. The 
number 
of WAIT states to be inserted 
for each pe- 
ripheral 
or memory 
is programmable 
to provide 
0-3 
wait states for all accesses 
to the area for which the 
chip select is active. 
In addition, 
the 80C186 
may be 
programmed 
to either 
ignore 
external 
READY 
for 
each chip-select 
range individually 
or to factor exter- 
nal READY with the integrated 
ready generator. 


READY control 
consists 
of 3 bits for each CS line or 
group of lines generated 
by the 80C186. 
The inter- 
pretation 
of the READY 
bits is shown 
in Table 
12. 


R2 
R1 
RO 
Number of WAIT States Generated 


0 
0 
0 
o wait states, external 
RDY 
also used. 
0 
0 
1 
1 wait state inserted, external 
RDY 
also used. 


0 
1 
0 
2 wait states inserted, 
external 
RDY 
also used. 


0 
1 
1 
3 wait states inserted, external 
RDY 


also used. 


1 
0 
0 
o wait states, external 
RDY 
ignored. 
1 
0 
1 
1 wait state inserted, 
external 
RDY 
ignored. 
1 
1 
0 
2 wait states inserted, 
external 
RDY 
ignored. 
1 
1 
1 
3 wait states inserted, 
external 
RDY 
ignored. 


The 
internal 
ready 
generator 
operates 
in parallel 
with 
external 
READY, 
not in series 
if the 
external 


READY 
is used (R2 = 
0). For example, 
if the inter- 


nal generator 
is set to insert 
two 
wait 
states, 
but 


activity 
on the external 
READY 
lines will insert four 


wait states, 
the processor 
will only insert 
four wait 


states, 
not six. This is because 
the two wait states 


generated 
by the internal 
generator 
overlapped 
the 


first two wait states generated 
by the external 
ready 


signal. Note that the external 
ARDY and SRDY lines 


are always ignored 
during cycles 
accessing 
internal 


peripherals. 


R2-RO 
of each control 
word 
specifies 
the READY 


mode for the corresponding 
block, 
with the excep- 


tion of the peripheral 
chip selects: 
R2-RO 
of PACS 


set the PCSO-3 
READY mode, R2-RO 
of MPCS set 


the PCS4-6 
READY 
mode. 


Chip Select/Ready 
Logic and Reset 


Upon RESET, the Chip-Select/Ready 
Logic will per- 
form the following 
actions: 


• 
All chip-select 
outputs 
will be driven HIGH. 


• 
Upon 
leaving 
RESET, 
the UCS line will be pro- 


grammed 
to provide 
chip selects 
to a 1K block 
with the accompanying 
READY control 
bits set at 


011 to insert 3 wait states in conjunction 
with ex- 


ternal 
READY 
(i.e., UMCS resets to FFFBH). 


• 
No other chip select 
or READY 
control 
registers 


have 
any predefined 
values 
after 
RESET. 
They 


will not become 
active 
until the CPU accesses 


their control 
registers. 
Both the PACS and MPCS 


registers 
must be accessed 
before the PCS lines 


will become 
active. 
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The 80C186 DMA controller provides two indepen- 
dent high-speed DMA channels. Data transfers can 
occur between memory and 1/0 spaces (e.g., Mem- 
ory to 1/0) or within the same space (e.g., Memory 
to Memory or 1/0 to 1/0). Data can be transferred 
either in bytes (8 bits) or in words (16 bits) to or from 
even or odd addresses. Each DMA channel main- 
tains both a 20-bit source and destination pointer 
which can be optionally incremented or decrement- 
ed after each data transfer (by one or two depending' 
on byte or word transfers). Each data transfer con- 
sumes 2 bus cycles (a minimum of 8 clocks), one 
cycle to fetch data and the other to store data. 


DMA Operation 


Each channel has six registers in the control block 
which define each channel's operation. The control 
registers consist of a 20-bit Source pointer (2 
words), a 20-bit destination pointer (2 words), a 


16-bit Transfer Count Register, and a 16-bit Control 
Word. The format of the DMA Control Blocks is 
shown in Table 13. The Transfer Count Register 
(TC) specifies the number of DMA transfers to be 
performed. Up to 64K byte or word transfers can be 
performed with automatic termination. The Control 
Word defines the channel's operation (see Figure 
17). All registers may be modified or altered during 
any DMA activity. Any changes made to these regis- 
ters will be reflected immediately in DMA operation. 


Table 13. DMA Control Block Format 


Register Name 
Register Address 


Ch. 0 
Ch. 1 


Control Word 
CAH 
DAH 
Transfer Count 
C8H 
D8H 
Destination Pointer (upper 4 
C6H 
D6H 
bits) 
Destination Pointer 
C4H 
D4H 
Source Pointer (upper 4 bits) 
C2H 
D2H 
Source Pointer 
COH 
DOH 


TIMER REQUEST 


DMA 
CONTROL 
LOGIC 


Figure 16. DMA Unit Block Diagram 
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transfer; 


• 
whether 
DMA 
activity 
will 
cease 
after 
a 
pro- 
grammed 
number 
of DMA cycles; 


• 
the relative 
priority 
of the DMA channel 
with re- 
spect to the other DMA channel; 


• 
whether 
the source 
pointer 
will be incremented, 
decremented, 
or maintained 
constant 
after each 
transfer; 


• 
whether 
the source pointer addresses 
memory or 
1/0 space; 


• 
whether 
the destination 
pointer will be increment- 
ed, 
decremented, 
or maintained 
constant 
after 
each transfer; 
and 


• 
whether 
the 
destination 
pointer 
will 
address 
memory 
or 1/0 space. 


The DMA channel 
control 
registers 
may be changed 
while the channel 
is operating. 
However, 
any chang- 
es made during operation 
will affect the current DMA 
transfer. 


DMA Control Word Bit Descriptions 


DEST: 
MIIO Destination pointer is in memory (1) 
or 1/0 (0) space. 


DEC Decrement destination pointer by 1 
or 2 (depends on S/W) 
after each 
transfer. 


INC Increment destination 
pointer by 1 
or 2 (depends on S/W) 
after each 
transfer. 


If both INC and DEC are specified, 
the pointer will remain constant af- 
ter each cycle. 


SOURCE: 
MIIO Source pointer is in memory (1) or 
I/O (0) space. 


DEC Decrement source pointer by 1 or 2 
(depends on S/W) after each trans- 
fer. 


INT: 


SYN: 


P: 


TDRQ: 


r'=\r;:"\"=" nnnn,," J;\ ~r'-n 
be reset at this point. If Cleared, the 
DMA 
controller 
will 
decrement 
the 
transfer 
count 
register for each 
DMA 
cycle, but DMA transfers 
will not stop 
when the transfer count register reach- 
es zero. 


Enable interrupts to CPU upon transfer 
count termination. 


00 No synchronization. 


NOTE: 


When 
unsynchronized 
transfers 
are 
specified, the TC bit will be ignored and 
the STISTOP 
bit will be cleared upon 
the transfer count reaching zero, stop- 
ping the channel. 


01 Source synchronization. 


10 Destination synchronlzatlon, 


11 Unused. 


Channel priority relative to other chan- 
nel during simultaneous requests. 
o Low priority. 


1 High priority. 


Channels 
will alternate 
cycles 
if both 
are set at same priority level. 


Enable/Disable 
(1/0) 
DMA 
requests 
from timer 2. 


CHG/NOCHG: 
Change/Do 
not 
change 
(1/0) 
ST/STOP bit. If this bit is set when writ- 
ing to the control word, the ST/STCiP 
bit will be programmed 
by the write to 
the control word. If this bit is cleared 
when 
writing 
the 
control 
word, 
the 
ST/STOP bit will not be altered. This bit 
is not stored; it will always be read as O. 


Start/Stop 
(1/0) channel. 


Byte/Word 
(0/1) transfers. 


ST/STOP: 


S/W: 
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DMA Requests 
DMA Destination 
and Source Pointer 
Registers 


Each DMA channel 
maintains 
a 20-bit source 
and a 
20-bit 
destination 
pointer. 
Each 
of these 
pointers 
takes 
up two full 
16-bit 
registers 
in the 
peripheral 
control 
block. For each DMA channel 
to be used, all 
four pointer 
registers 
must be initialized. 
The lower 
four bits of the upper register 
contain 
the upper four 
bits of the 20-bit 
physical 
address 
(see Figure 
18). 
These 
pointers 
may be individually 
incremented 
or 
decremented 
after 
each 
transfer. 
If word 
transfers 
are performed 
the pointer 
is incremented 
or decre- 
mented 
by two. 


Each 
pointer 
may point 
into either 
memory 
or 1/0 
space. 
Since the upper four bits of the address 
are 
not 
automatically 
programmed 
to 
zero, 
the 
user 
must program 
them in order to address 
the normal 
64K 1/0 
space. 
Since 
the DMA channels 
can per- 
form transfers 
to or from odd addresses, 
there is no 
restriction 
on values for the pointer registers. 
Higher 
transfer 
rates can be achieved 
if all word transfers 
are performed 
to or from 
even 
addresses 
so that 
accesses 
will occur in single bus cycles. 


DMA Transfer Count Register 


Each DMA channel 
maintains 
a 16-bit transfer 
count 
register 
(TC). The register 
is decrernented 
after ev- 
ery DMA cycle, regardless 
of the state of the TC bit 
in the DMA Control Register. 
If the TC bit in the DMA 
control 
word is set or if unsynchronized 
transfers 
are 
programmed, 
however, 
DMA 
activity 
will terminate 
when the transfer 
count register 
reaches 
zero. 


Data transfers 
may be either 
source 
or destination 
synchronized, 
that is either the source of the data or 
the 
destination 
of the 
data 
may request 
the 
data 
transfer. 
In addition, 
DMA transfers 
may be unsyn- 
chronized; 
that is, the transfer 
will take place contin- 
ually until the correct 
number 
of transfers 
has oc- 
curred. 
When' 
source 
or unsynchronized 
transfers 
are performed, 
the DMA channel 
may begin another 
transfer 
immediately 
after 
the 
end 
of 
a previous 
DMA 
transfer. 
This 
allows 
a complete 
transfer 
to 
take place every 2 bus cycles 
or eight clock 
cycles 
(assuming 
no wait 
states). 
When 
destination 
syn- 
chronization 
is performed, 
data will not be fetched 
from the source address 
until the destination 
device 
signals that it is ready to receive it. When destination 
synchronized 
transfers 
are requested, 
the DMA con- 
troller 
will relinquish 
control 
of the bus after 
every 
transfer. 
If no other 
bus activity 
is initiated, 
another 
DMA 
cycle 
will 
begin 
after 
two 
processor 
clocks. 


This allows the destination 
device time to remove its 
request 
if another 
transfer 
is not desired. 
Since the 
DMA controller 
will relinquish 
the bus, the CPU can 
initiate a bus cycle. As a result, a complete 
bus cycle 
will often 
be inserted 
between 
destination 
synchro- 
nized transfers. 
Table 
14 shows the maximum 
DMA 
transfer 
rates. 


Table 14. Maximum 
DMA 
Transfer 
Rates at CLKOUT 
= 16 MHz 


Type of 
Synchronization 
CPU Running 
CPU Halted 
Selected 


Unsynchronized 
4.0MBytes/sec 
4.0MBytes/sec 
Source Synch 
4.0MBytes/sec 
4.0MBytes/sec 
Destination Synch 
2.7MBytes/sec 
3.2MBytes/sec 


o 


HIGHER 
REGISTER 
ADDRESS 


LOWER 
REGISTER 
ADDRESS 


xxx 
xxx 
XXX 
A19-A16 


A15-A12 
A11-A8 
A7-A4 
A3-AO 


15 


xxx = DON'T CARE 


Figure 18. DMA Pointer Register 
Format 
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DMA Acknowledge 
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No 
explicit 
DMA 
acknowledge 
pulse 
is provided. 


Since 
both 
source 
and 
destination 
pointers 
are 
maintained, 
a read from 
a requesting 
source, 
or a 
write to a requesting 
destination, 
should be used as 
the DMA acknowledge 
signal. Since the chip-select 
lines can be programmed 
to be active 
for a given 
block of memory 
or 1/0 space, and the DMA point- 
ers can be programmed 
to point to the same given 
block, a chip-select 
line could be used to indicate 
a 
DMA acknowledge. 


DMA Priority 


The DMA channels 
may be programmed 
to give one 
channel 
priority over the other, or they may be pro- 
grammed 
to alternate 
cycles 
when 
both have DMA 
requests 
pending. 
DMA cycles 
always 
have priority 
over 
internal 
CPU 
cycles 
except 
between 
locked 
memory accesses 
or word accesses 
to odd memory 
locations; 
also 
an external 
bus hold 
takes 
priority 
over 
an internal 
DMA 
cycle. 
Because 
an interrupt 
request 
cannot 
suspend 
a DMA operation 
and the 
CPU cannot 
access 
memory 
during 
a DMA cycle, 


interrupt 
latency time will suffer during sequences 
of 
continuous 
DMA cycles. 
An NMI request, 
however, 
will cause 
all internal 
DMA activity 
to halt. This al- 
lows the CPU to quickly respond 
to the NMI request. 


DMA Programming 


DMA cycles will occur whenever 
the ST ISTOP 
bit of 
the Control 
Register 
is set. If synchronized 
transfers 
are programmed, 
a DRQ must 
also be generated. 


Therefore 
the source 
and destination 
transfer 
point- 
ers, and the transfer 
count register 
(if used) must bs 
programmed 
before the ST ISTOP 
bit is set. 


Each DMA register 
may be modified 
while the cha 
- 


nel is operating. 
If the CHG/NOCHG 
bit is cleared 


when the control 
register is written, the ST ISTOP 
bit 
of the control 
register 
will 
not be modified 
by the 


write. If multiple 
channel 
registers 
are modified, 
it is 
recommended 
that 
a LOCKED 
string 
transfer 
be 
used to prevent 
a DMA transfer 
from occurring 
be- 


tween updates 
to the channel 
registers. 


DMA Channels and Reset 


Upon RESET, the state of the DMA channels 
will be 
as follows: 


• 
The ST ISTOP 
bit for each channel 
will be reset 
to STOP. 


• 
Any transfer 
in progress 
is aborted. 


• 
The values of the transfer 
count registers, 
source 


pointers, 
and destination 
pointers 
are indetermi- 
nate. 


TIMERS 


The 80C186 
provides 
three internal 
16-bit program- 
mable timers (see Figure 19). Two of these are high- 
ly flexible 
and are connected 
to four external 
pins (2 


per 
timer). 
They 
can 
be 
used 
to 
count 
external 
events, time external 
events, generate 
non repetitive 


waveforms, 
etc. The third timer is not connected 
to 


any external 
pins, and is useful for real-time 
coding 


and time delay applications. 
In addition, the third tim- 
er can be used as a prescaler 
to the other two, or as 


a DMA request 
source. 


nMERO 


MAl( COUNT VALUE 


A 
LOCK/4 
MAX COUNT VALUE 
8 
MOOEICONTlIOL 
WORD 


DMA 
REO. 


T2 
INT. 
REO. 


CLOCKl4 


MAX COUNT VALUE 
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INTERNAL ADDRESS/DATA _ 


AU 
18 BIT REGISTERS 


Figure 
19. Timer 
Block 
Diagram 
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clock 
after 
the 
maximum 
count 
value 
has 
been 
reached. 
In the dual MAX COUNT register mode, the 
output 
pin will indicate 
which 
MAX COUNT 
register 
is currently 
in use, thus 
allowing 
nearly 
complete 
freedom 
in selecting 
waveform 
duty cycles. 
For the 
timers with two MAX COUNT registers, 
the RIU bit in 
the control 
register determines 
which is used for the 
comparison. 


Each timer gets serviced 
every fourth CPU-clock 
cy- 
cle, and thus can operate 
at speeds 
up to one-quar- 
ter the internal 
clock frequency 
(one-eighth 
the crys- 
tal rate). External clocking 
of the timers may be done 
at up to a rate of one-quarter 
of the internal 
CPU- 
clock rate. Due to internal 
synchronization 
and pipe- 
lining of the timer circuitry, 
a timer output 
may take 
up to 6 clocks 
to respond 
to any individual 
clock or 
gate input. 


Since 
the count 
registers 
and the maximum 
count 
registers 
are all 16 bits wide, 16 bits of resolution 
are 
provided. 
Any Read or Write access to the timers will 
add one wait state 
to the minimum 
four-clock 
bus 
cycle, 
however. 
This is needed 
to synchronize 
and 
coordinate 
the internal data flows between 
the inter- 
nal timers and the internal 
bus. 


The timers 
have several 
programmable 
options. 


• 
All three timers can be set to halt or continue 
on 
a terminal 
count. 


Register 
Name 
r.\liilSie. "\:1na~r - -- 


Tmr.O 
Tmr.1 
Tmr.2 


Mode/Control 
Word 
56H 
5EH 
66H 
Max Count B 
54H 
5CH 
not present 
Max Count A 
52H 
5AH 
62H 
Count Register 
50H 
58H 
60H 


EN: 


The 
enable 
bit provides 
programmer 
control 
over 
the timer's 
RUN/HALT 
status. When set, the timer is 
enabled 
to increment 
subject 
to the input pin con- 
straints 
in the internal 
clock 
mode (discussed 
previ- 
ously). When cleared, 
the timer will be inhibited 
from 
counting. 
All input pin transistions 
during the time EN 
is zero will be ignored. 
If CaNT 
is zero, the EN bit is 
automatically 
cleared 
upon maximum 
count. 


INH: 


The 
inhibit 
bit allows 
for selective 
updating 
of the 
enable (EN) bit. If INH is a one during the write to the 
model control 
word, then the state of the EN bit will 
be modified 
by the write. If INH is a zero during the 
write, the EN bit will be unaffected 
by the operation. 
This bit is not stored; 
it will always be a 0 on a read. 


INT: 


When 
set, the 
INT bit enables 
interrupts 
from 
the 
timer, 
which 
will 
be 
generated 
on 
every 
terminal 


o 
p 
EXT 
15 
14 
13 
12 
11 
EN 
/NH 
/NT 
R/V 
5 
4 
3 
2 
1 
0 
MC 
ALT 
I CONT I 
RTG 


Figure 
20. Timer 
Mode/Control 
Register 
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P: 
count. 
If the timer is configured 
in dual MAX COUNT 
register 
mode, 
an interrupt 
will be generated 
each 
time the value in MAX COUNT register A is reached, 
and each time the value in MAX COUNT register B is 
reached. 
If this enable 
bit is cleared 
after the inter- 
rupt request has been generated, 
but before a pend- 
ing interrupt 
is serviced, 
the interrupt 
request will still 
be in force. 
(The request 
is latched 
in the Interrupt 
Controller). 


RIU: 


The 
Register 
In 
Use 
bit 
indicates 
which 
MAX 
COUNT 
register 
is currently 
being used for compari- 


son to the timer count value. A zero value indicates 
register 
A. The 
RIU bit cannot 
be written, 
i.e., its 
value is not affected 
when the control 
register is writ- 
ten. It is always cleared 
when the ALT bit is zero. 


MC: 


The 
Maximum 
Count 
bit is set whenever 
the timer 
reaches 
its final maximum 
count value. If the timer is 
configured 
in dual MAX COUNT 
register 
mode, this 
bit will be set each time the value in MAX COUNT 
register 
A is reached, 
and each 
time 
the value 
in 
MAX COUNT 
register 
B is reached. 
This bit is set 
regardless 
of the 
timer's 
interrupt-enable 
bit. The 
MC bit gives 
the 
user the 
ability 
to monitor 
timer 
status 
through 
software 
instead 
of through 
inter- 
rupts. 


Programmer 
intervention 
is required to clear this bit. 


RTG: 


Retrigger 
bit is only active for internal 
clocking 
(EXT 
= 0). In this case it determines 
the control 
function 
provided 
by the input pin. 


If RTG = 0, the input level gates the internal 
clock 
on and off. 
If the input 
pin is HIGH, the timer'will 
count; 
if the input pin is LOW, the timer will hold its 
value. As indicated 
previously, 
the input signal may 
be asynchronous 
with respect 
to the 80C186 
clock. 


When RTG = 1, the input pin detects 
LOW-to-HIGH 
transitions. 
The first such transition 
starts 
the timer 
running, 
clearing 
the timer value to zero on the first 
clock, 
and 
then 
incrementing 
thereafter. 
Further 
transitions 
on the input pin will again reset the timer 
to zero, from which 
it will start counting 
up again. If 
CONT = 0, when the timer has reached 
maximum 
count, 
the 
EN bit will be cleared, 
inhibiting 
further 
timer activity. 


The prescaler 
bit is ignored 
unless 
internal 
clocking 
has been selected 
(EXT = 0). If the P bit is a zero, 
the timer 
will count 
at one-fourth 
the internal 
CPU 
clock rate. If the P bit is a one, the output of timer 2 
will be used as a clock 
for the timer. 
Note that the 
user must 
initialize 
and start 
timer 2 to obtain 
the 
prescaled 
clock. 


EXT: 


The external 
bit selects 
between 
internal 
and exter- 
nal clocking 
for the timer. The external 
signal 
may 
be asynchronous 
with respect 
to the 80C186 
clock. 


If this bit is set, the timer will count 
LOW-to-HIGH 
transitions 
on the input pin. If cleared, 
it will count an 
internal 
clock while using the input pin for control. 
In 
this mode, the function 
of the external 
pin is deftned 
by the RTG bit. The maximum 
input to output 
tran- 
sition 
latency 
time 
may be as much 
as 6 clock:s. 
However, 
clock 
inputs 
may be pipelined 
as closely 
together 
as every 4 clocks without 
losing clock puls- 
es. 


ALT: 


The AL T bit determines 
which 
of two MAX COUNT 
registers 
is used for count comparison. 
If AL T = 0, 
register A for that timer is always used, while if ALT 
= 1, the comparison 
will alternate 
between 
register 
A and 
register 
B when 
each 
maximum 
count 
is 
reached. 
This alternation 
allows the user to chanqe 
one MAX COUNT 
register 
while the other 
is being 
used, 
and 
thus 
provides 
a method 
of generating 
non-repetitive 
waveforms. 
Square 
waves 
and pulse 
outputs 
of any duty cycle 
are a subset 
of available 
signals obtained 
by not changing 
the final count reg- 
isters. The ALT bit also determines 
the function 
of 
the timer output pin. If AL T is zero, the output pin will 
go LOW for one clock, the clock after the maximum 
count 
is reached. 
If AL T is one, the output 
pin will 
reflect 
the current 
MAX COUNT 
register 
being used 
(0/1 
for BI A). 


CONT: 


Setting the CONT bit causes the associated 
timer to 
run continuously, 
while resetting 
it causes 
the timer 
to halt 
upon 
maximum 
count. 
If CONT 
= 
0 and 
ALT = 1, the timer will count 
to the MAX COUNT 
register A value, reset, count to the register 
B value, 
reset, and halt. 


Not all mode 
bits are provided 
for timer 
2. Certa.in 
bits are hardwired 
as indicated 
below: 


AL T = 0, EXT = 0, P = 0, RTG = 0, RIU = 0 


1-87 


intJ 


Count Registers 


80C186 


Each of the three timers has a 16-bit count register. 
The contents of this register may be read or written 
by the processor at any time. If the register is written 
while the timer is counting, the new value will take 
effect in the current count cycle. 


The count registers should be programmed before 
attempting to use the timers since they are not auto- 
matically initialized to zero. 


Max Count Registers 


Timers 0 and 1 have two MAX COUNT registers, 
while timer 2 has a single MAX COUNT register. 
These contain the number of events the timer will 
count. In timers 0 and 1, the MAX COUNT register 
used can alternate between the two max count val- 
ues 
whenever 
the 
current 
maximum count 
is 
reached. A timer resets when the timer count regis- 
ter equals the max count value. being used. If the 
timer count register or the max count register is 
changed so that the max count is less than the timer 
count, the timer does not immediately reset. Instead, 
the timer counts up to OFFFFH, "wraps around" to 
zero, counts up to the max count value, and then 
resets. 


Timers and Reset 


Upon RESET, the state of the timers will be as fol- 
lows: 


• All EN (Enable) bits are reset preventing timer 
counting. 
• For Timers 0 and 1, the RIU bits are reset to zero 
and the A/..l bits are set to one. This results in the 
Timer Out pins going HIGH. 


• The contents of the count registers are indetermi- 
nate. 


INTERRUPT 
CONTROLLER 


The 80C186 can receive interrupts from a number of 
sources, both internal and external. The internal in- 
terrupt controller serves to merge these requests on 
a priority basis, for individual service by the CPU. 


Internal interrupt sources (Timers and DMA chan- 
nels) can be disabled by their own control registers 
or by mask bits within the interrupt controller. The 
80C186 interrupt controller has its own control regis- 
ter that sets the mode of operation for the controller. 


The interrupt controller will resolve priority among 
requests that are pending sirnultaneously. Nesting is 
provided so interrupt service routines for lower priori- 
ty interrupts may be interrupted by higher priority in- 
terrupts. A block diagram of the interrupt controller is 
shown in Figure 21. 
. 


The 80C186 has a special Slave Mode in which the 
internal interrupt controller acts as a slave to an ex- 
ternal master. The controller is programmed into this 
mode by setting bit 14 in the peripheral control block 
relocation register. (See Slave Mode section.) 


MASTER 
MODE OPERATION 


Interrupt Controller External Interface 


Five pins are provided for external interrupt sources. 
One of these pins is NMI, the non-maskable inter- 
rupt. NMI is generally used for unusual events such 
as power-fail interrupts. The other four pins may be 
configured in any of the following ways: 
• As four interrupt lines with internally generated 
interrupt vectors. 
• As an interrupt line and interrupt acknowledge 
line pair (Cascade Mode) with externally generat- 
ed interrupt vectors plus two interrupt input lines 
with internally generated vectors. 


• As two pairs of interrupt/interrupt acknowledge 
lines (Cascade Mode) with externally generated 
interrupt vectors. 


External sources in the Cascade Mode use external- 
Iy,generated interrupt vectors. When an interrupt is 
acknowledged, two INTA cycles are initiated and the 
vector is read into the 80C186 on the second cycle. 
The capability to interface to external 82C59A pro- 
grammable interrupt controllers is provided when 
the inputs are configured in Cascade Mode. 
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Interrupt Controller 
Modes of 
Operation 


The basic modes of operation of the interrupt con- 
troller in Master Mde are similar to the 82C59A. The 
interrupt controller responds identically to internal in- 
terrupts in all three modes: the difference is only in 
the interpretation of function of the four external in- 
terrupt pins. The interrupt controller is set into one of 
these three modes by programming the correct bits 
in the INTOand INT1 control registers. The modes of 
interrupt controller operation are as follows: 


Fully Nested 
Mode 


When in the fully nested mode four pins are used as 
direct interrupt requests as in Figure 22. The vectors 
for these four inputs are generated internally. An in- 
service bit is provided for every interrupt source. If a 
lower-priority device requests an interrupt while the 
in service bit (IS) is set, no interrupt will be generat- 
ed by the interrupt controller. In addition, if another 
interrupt request occurs from the same interrupt 
source while the in-service bit is set, no interrupt will 
be generated by the interrupt controller. This allows 
interrupt service routines to operate with interrupts 
enabled, yet be suspended only by interrupts of 
higher priority than the in-service interrupt. 


When a service routine is completed, the proper IS 
bit must be reset by writing the proper pattern to the 
EOI register. This is required to allow subsequent 
interrupts from this interrupt source and to allow 
servicing of lower-priority interrupts. An EOI corn- 


mand is executed at the end of the service routine 
just before the return from interrupt instruction. If the 
fully nested structure has been upheld, the next 
highest-priority source with its IS bit set is then serv- 
iced. 


Cascade 
Mode 


The 80C186 has four interrupt pins and two of them 
have dual functions. In the fully nested mode the 
four pins are used as direct interrupt inputs and the 
corresponding vectors are generated internally. In 
the Cascade Mode, the four pins are configured into 
interrupt input-dedicated acknowledge signal pairs. 
The interconnection is shown in Figure 23. INTOis 
an interrupt input interfaced to an 82C59A, while 
INT2/INTAO serves as the dedicated interrupt ac- 
knowledge signal to that peripheral. The same is 
true for INT1 and INT3I1NTA1. Each pair can selec- 
tively be placed in the Cascade Mode by program- 
ming the proper value into INTO and INT1 control 
registers. The use of the dedicated acknowledge 
signals eliminates the need for the use of external 
logic to generate INTA and device select signals. 


The primary Cascade Mode allows the capability to 
serve up to 128 external interrupt sources through 
the use of external master and slave 82C59As. 
Three levels of priority are created, requiring priority 
resolution in the 80C186 interrupt controller, the 
master 82C59As, and the slave 82C59As. If an ex- 
ternal interrupt is serviced, one IS bit is set at each 
of these levels. When the interrupt service routine is 
completed, up to three end-of-interrupt commands 
must be issued by the programmer. 


DMA 
INTOIINTII 
1 
HrET 
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Figure 21. Interrupt 
Controller 
Block Diagram 
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End-ot-Interrupt 
Command 


The end-of-interrupt 
(EOI) command 
is used by the 
programmer 
to reset the In-Service 
(IS) bit when an 
Special 
procedures 
should 
be followed 
when reset- 
interrupt 
service routine is completed. 
The EOI corn- 


= 


==--====- 
tsin;;gftwIS~biit~sj(affitwtii:hFetlef=n~dfiioifSin~t~e~rr;.us1p~t 
~s=iie~rv~iche~ro~Uttt~inrremS[\=. 
====tm:c:a)]nrrd:e:is 
issued 
by writing 
the proper 
pattern 
to the 
Seft'i','are 
polling 
of the is legistel 
ill 
the external 
EOI register. There are two types of EOI commands, 


master 
82C59A 
is required 
to determine 
if there 
is 
specific 
and nonspecific. 
The nonspecific 
command 
more than one bit set. If so, the IS bit in the 80C186 
does not specify which 
IS bit is reset. When issued, 
remains active and the next interrupt 
service 
routine 
the interrupt 
controller 
automatically 
resets the IS bit 
is entered. 
of the highest 
priority 
source 
with an active 
service 
routine. 
A specific 
EOI command 
requires 
that the 
programmer 
send the interrupt 
vector 
type to the in- 
terrupt 
controller 
indicating 
which 
source's 
IS bit is 
to be reset. 
This command 
is used when 
the fully 
nested 
structure 
has been disturbed 
or the highest 
priority 
IS bit that was set does 
not belong 
to the 
service 
routine 
in progress. 


INTERRUPT SOURCE 


INTERRUPT SOURCE 
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INTERRUPT SOURCE 


Figure 22. Fully Nested 
(Direct) 
Mode Interrupt 
Controller 
Connections 


Special 
Fully Nested 
Mode 


This 
mode 
is entered 
by setting 
the 
SFNM 
bit in 
INTO or INT1 control 
register. 
It enables 
complete 
nestability 
with external 
82C59A 
masters. 
Normally, 
an interrupt 
request from an interrupt 
source will not 
be 
recognized 
unless 
the 
in-service 
bit 
for 
that 
source 
is reset. If more than one interrupt 
source 
is 
connected 
to an external 
interrupt 
controller, 
all of 
the 
interrupts 
will 
be funneled 
through 
the 
same 
80C186 
interrupt 
request 
pin. As a result, 
if the ex- 
ternal 
interrupt 
controller 
receives 
a higher-priority 
interrupt, 
its interrupt 
will not be recognized 
by the 
80C186 
controller 
until the 80C186 
in-service 
bit is 
reset. In Special 
Fully Nested 
Mode, the 80C186 
in- 
terrupt 
controller 
will allow interrupts 
from an exter- 
nal pin regardless 
of the state of the in-service 
bit for 
an interrupt 
source 
in order 
to allow 
multiple 
inter- 
rupts from a single pin. An in-service 
bit will continue 
to be set, however, 
to inhibit 
interrupts 
from 
other 
lower-priority 
80C186 
interrupt 
sources. 


Operation 
in a Polled Environment 


The controller 
may be used in a polled mode if inter- 
rupts are undesirable. 
When 
polling, 
the processor 
disables 
interrupts 
and then polls the interrupt 
con- 
troller whenever 
it is convenient. 
Polling the interrupt 
controller 
is accomplished 
by reading the Poll Word 
(Figure 
32). Bit 15 in the poll word 
indicates 
to the 
processor 
that an interrupt 
of high enough 
priority is 
requesting 
service. 
Bits 0-4 
indicate 
to the proces- 
sor the type vector 
of the highest-priority 
source 
re- 
questing 
service. 
Reading 
the Poll Word causes the 
In-Service 
bit of the highest priority source to be set. 


It is desirable 
to be able to read the Poll Word infor- 


mation without 
guaranteeing 
service 
of any pending 


interrupt, 
i.e., not set the indicated 
in-service 
bit. The 
80C186 
provides 
a Poll Status 
Word 
in addition 
to 
the conventional 
Poll Word to allow this to be done. 
Poll Word information 
is duplicated 
in the Poll Status 
Word, but reading the Poll Status Word does not set 
the associated 
in-service 
bit. These words are locat- 
ed in two adjacent 
memory 
locations 
in the register 
file. 
. 


Master Mode Features 


Programmable 
Priority 


The user can program 
the interrupt 
sources 
into any 
of eight different 
priority levels. The programming 
is 
done by placing a 3-bit priority level (0-7) 
in the con- 
trol register 
of each interrupt 
source. 
(A source 
with 
a priority level of 4 has higher priority over all priority 
levels from 5 to 7. Priority registers containing 
values 
lower 
than 
4 
have 
greater 
priority). 
All 
interrupt 
sources 
have preprogrammed 
default 
priority 
levels 
(see Table 4). 


If two requests 
with the same 
programmed 
priority 
level 
are 
pending 
at 
once, 
the 
priority 
ordering 
scheme 
shown 
in Table 
4 is used. 
If the serviced 


interrupt 
routine reenables 
interrupts, 
other interrupt 
requests 
can be serviced. 


Trigger 
Mode 


The four external 
interrupt 
pins can be programmed 


in either 
edge- 
or level-trigger 
mode. 
The 
control 
register 
for each external 
source 
has a level-trigger 
mode (LTM) bit. All interrupt 
inputs are active HIGH. 
In the edge sense 
mode or the level-trigger 
mode, 
the interrupt 
request 
must remain active (HIGH) until 
the 
interrupt 
request 
is 
acknowledged 
by 
the 
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80C186 
CPU. In the edge-sense 
mode, 
if the level 
remains high after the interrupt 
is acknowledged, 
the 


input is disabled 
and no further 
requests 
will be gen- 
erated. The input level must go LOW for at least one 
clock cycle to re-enable 
the input. In the level-trigger 
mode, no such provision 
is made: holding 
the inter- 
rupt input 
HIGH will cause 
continuous 
interrupt 
re- 
quests. 


Interrupt Vectoring 


The 80C186 
Interrupt 
Controller 
will generate 
inter- 
rupt vectors 
for the 
integrated 
OMA channels 
and 
the integrated 
Timers. 
In addition, 
the Interrupt 
Con- 
troller will generate 
interrupt 
vectors 
for the external 
interrupt 
lines if they are not configured 
in Cascade 
or Special Fully Nested Modes. The interrupt vectors 
generated 
are fixed and cannot 
be changed 
(see Ta- 
ble 4). 


Interrupt Controller Registers 


The 
Interrupt 
Controller 
register 
model 
is shown 
in 
Figure 24. It contains 
15 registers. 
All registers 
can 
both be read or written 
unless specified 
otherwise. 


In-Service Register 


This register 
can be read from 
or written 
into. The 
format 
is shown in Figure 25. It contains 
the In-Serv- 


ice bit for each of the interrupt 
sources. 
The In-Serv- 


ice bit is set to indicate 
that a source's 
service 
rou- 
tine is in progress. 
When an In-Service 
bit is set, the 


interrupt 
controller 
will not generate 
interrupts 
to the 
CPU when it receives 
interrupt 
requests 
from devic- 
es with a lower programmed 
priority level. The TMR 
bit is the 
In-Service 
bit for all three 
timers; 
the 
DO 
and 01 bits are the In-Service 
bits for the two OMA 
channels; 
the 
10-13 are the 
In-Service 
bits for the 
external 
interrupt 
pins. The 
IS bit is set when 
the 


processor 
acknowledges 
an interrupt 
request 
either 
by an interrupt 
acknowledge 
or by reading 
the poll 
register. The IS bit is reset at the end of the interrupt 
service 
routine 
by an end-of-interrupt 
command. 


Interrupt Request Register 


The internal 
interrupt 
sources 
have interrupt 
request 
bits inside the interrupt 
controller. 
The format 
of this 
register is shown in Figure 25. A read from this regis- 
ter yields the status of these bits. The TMR bit is the 
logical OR of all timer interrupt 
requests. 
DO and 01 


are the interrupt 
request 
bits for the OMA channels. 


The state of the external 
interrupt 
input pins IS also 


indicated. 
The state of the external 
interrupt 
pins is 


not a stored condition 
inside the interrupt 
controller, 


therefore 
the external 
interrupt 
bits cannot 
be writ- 


ten. The external 
interrupt 
request 
bits are set when 
an interrupt 
request 
is given to the interrupt 
control- 


ler, so if edge-triggered 
mode is selected, 
the bit in 
the register will be HIGH only after an inactive-to-ac- 
tive transition. 
For internal interrupt 
sources, 
the reg- 


ister bits are set when a request 
arrives 
and are re- 


set when the processor 
acknowledges 
the requests. 


Writes to the interrupt 
request 
register will affect the 


DO and 01 
interrupt 
request 
bits. Setting 
either 
bit 
will cause the corresponding 
interrupt 
request 
while 


clearing 
either bit will remove 
the corresponding 
in- 
terrupt request. All other bits in the register are read- 
only. 


Mask Register 


This is a 16-bit register 
that contains 
a mask bit for 
each interrupt 
source. 
The format 
for this register 
is 


shown 
in Figure 
25. A one 
in a bit position 
corre- 
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Figure 23. Cascade and Special Fully Nested Mode Interrupt Controller Connections 
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sponding 
to a particular 
source 
masks 
the source 
from generating 
interrupts. 
These 
mask bits are the 
exact same bits which are used in the individual 
con- 
trol 
registers; 
programming 
a mask 
bit 
using 
the 
mask register will also change this bit in the individu- 
al control 
registers, 
and vice versa. 


OFFSET 


3EH 
INT3 CONTROL 
REGISTER 


INT2 CONTROL 
REGISTER 


INT1 CONTROL 
REGISTER 


INTO CONTROL 
REGISTER 


DMA 
1 CONTROL 
REGISTER 


DMA 0 CONTROL 
REGISTER 


TIMER 
CONTROL 
REGISTER 


INTERRUPT 
STATUS 
REGISTER 


INTERRUPT 
REQUEST 
REGISTER 


IN·SERVICE 
REGISTER 


PRIORITY 
MASK 
REGISTER 


MASK 
REGISTER 


POLL STATUS 
REGISTER 


POLL REGISTER 


EOI REGISTER 


3CH 


3AH 


38H 


36H 


34H 


32H 


30H 


2EH 


2CH 


2AH 


28H 


26H 


24H 


22H 


Priority 
Mask Register 


This register 
masks 
all interrupts 
below 
a particular 
interrupt 
priority 
level. The format 
of this register 
is 
shown in Figure 26. The code in the lower three bits 
of this register 
inhibits 
interrupts 
of priority 
lower (a 
higher priority 
number) 
than the code specified. 
For 
example, 
100 written 
into this register 
masks 
inter- 
rupts of level five (101), six (110), and seven (111). 
The register 
is reset to seven (111) upon RESET so 
no interrupts 
are masked 
due to priority 
number. 


Figure 
24. Interrupt 
Controller 
Registers 
(Master 
Mode) 


Interrupt 
Status 
Register 


This 
register 
contains 
general 
interrupt 
controller 
status 
information. 
The 
format 
of 
this 
register 
is 
shown 
in Figure 
27. The bits in the status 
register 
have the following 
functions: 


DHL T: DMA 
Halt Transfer; 
setting 
this bit halts 
all 
DMA transfers. 
It is automatically 
set when- 


ever a non-maskable 
interrupt 
occurs, 
and it 


is reset when 
an IRET instruction 
is execut- 
ed. This bit allows 
prompt 
service 
of all non- 


maskable 
interrupts. 
This bit may also be set 
by the programmer. 


IRTx: 
These three bits represent 
the individual 
tim- 


er interrupt 
request 
bits. These bits differenti- 
ate between 
timer interrupts, 
since the timer 
IR bit in the interrupt 
request 
register 
is the 
"OR" 
function 
of all timer 
interrupt 
request. 


Note that setting 
anyone 
of these three 
bits 
initiates 
an interrupt 
request 
to the interrupt 
controller. 


15 
14 
10 
9 
o 
0 I • 
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Figure 
25. In-Service, 
Interrupt 
Request, 
and Mask Register 
Formats 
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Figure 
26. Priority 
Mask Register 
Format 
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Figure 
27. Interrupt 
Status 
Register 
Format 
(Master 
Mode) 
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These 
registers 
are the control 
words 
for the four 
external 
input pins. 
Figure 
29 shows 
the format 
of 
the 
INTO and 
INT1 
Control 
registers; 
Figure 
30 
shows the format 
of the INT2 and INT3 Control 
reg- 
isters. 
In Cascade 
Mode 
or Special 
Fully 
Nested 
Mode, the control 
words for INT2 and INT3 are not 
used. 


The bits in the various control 
registers 
are encoded 
as follows: 


PRO-2: 
Priority 
programming 
information. 
Highest 
Priority = 000, Lowest 
Priority = 111 


LTM: 
Level-trigger 
mode bit. 1 = level-triggered; 
o = edge-triggered. 
Interrupt 
Input levels 
are active high. In level-triggered 
mode, an 
interrupt 
is generated 
whenever 
the exter- 
nal line is high. In edge-triggered 
mode, an 
interrupt 
will be generated 
only when 
this 


register 
is shown 
in Figure 
31. 
It initiates 
an EOI 
command 
when written 
to by the 80C186 
CPU. 


The bits in the EOI reqister 
are encoded 
as follows: 


Sx: 
Encoded 
information 
that 
specifies 
an in- 
terrupt 
source 
vector 
type as shown 
in Ta- 
ble 4. For example, 
to reset the In-Service 
bit for DMA channel 
0, these bits should be 
set to 01010, since the vector type for DMA 
channel 
0 is 10. 


NOTE: 


To reset the single In-Service 
bit for any of 
the three timers, the vector type for timer 0 
(8) should be written 
in this register. 


NSPEC/: 
A bit that determines 
the type of EOI com- 
SPEC 
mand. Nonspecific 
= 1, Specific 
= o. 


15 
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Figure 28. Timer/DMA 
Control 
Registers 
Formats 
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Figure 29_ INTOIINT1 
Control 
Register 
Formats 
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Figure 30. INT2/INT3 
Control 
Register 
Formats 
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IUfJlIllY 
source. 
vane oruv wnen 
IN I Ht:U 
= 1. 


INTREQ: 
This bit determines 
if an interrupt 
request 
is present. 
Interrupt 
Request 
= 1; no In- 
terrupt 
Request 
= O. 


SLAVE MODE OPERATION 


When Slave Mode is used, the internal 80C186 inter- 
rupt controller 
will be used as a slave controller 
to an 
external 
master 
interrupt 
controller. 
The 
internal 
80C186 
resources 
will be monitored 
by the internal 
interrupt 
controller, 
while 
the 
external 
controller 
functions 
as the system 
master 
interrupt 
controller. 


<O'UIIILY 
LV """'\:I" correct pnormes 
ana mmauze Inter- 
rupt control 
registers 
before enabling 
interrupts. 


Slave Mode External Interface 


The configuration 
of the 80C186 
with respect 
to an 
external 
82C59A 
master 
is shown 
in Figure 33. The 
INTO (Pin 45) input is used as the 80C186 CPU inter- 
rupt input. 
IRQ (Pin 41) functions 
as an output 
to 
send the 80C186 
slave-interrupt-request 
to one of 
the 8 master-PlC-inputs. 
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Figure 
31. EOI Register 
Format 
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Figure 
32. Poll and Poll Status 
Register 
Format 
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Figure 33. Slave Mode Interrupt 
Controller 
Connections 


Correct master-slave interface requires decoding of 
the slave addresses (C~SO-2). Slave 82C59As do 
this 
internally. 
Because 
of 
pin 
limitations, the 
80C186 slave address will have to be decoded ex- 
ternally. SELECT (Pin 44) is used as a slave-select 
input. Note that the slave vector address is trans- 
ferred internally, but the READY input must be sup- 
plied externally. 


INTAO (Pin 42) is used as an acknowledge output, 
suitable to drive the INTA input of an 82C59A. 


Interrupt 
Nestinu 


Slave Mode operation allows nesting of interrupt re- 
quests. When an interrupt is acknowledged, the pri- 
ority logic masks off all priority levels except those 
with equal or higher priority. 


Vector Generation 
in the Slave Mode 


Vector generation in Slave Mode is exactly like that 
of an 8259A or 82C59A slave. The interrupt control- 
ler generates an 8-bit vector type number which the 
CPU multiplies by four to use as an address into the 
vector table. The five most significant bits of this 
type number are user-proqrarnmablewhile the three 
least significant bits are defined according to Figure 
34. The significant five bits of the vector are pro- 
grammed by writing to the Interrupt Vector register 
at offset 20H. 


Specific End-of-Interrupt 


In Slave Mode the specific EOI command operates 
to reset an in-service bit of a specific priority. The 
user supplies a 3-bit priority-level value that points to 
an in-service bit to be reset. The command is exe- 
cuted by writing the correct value in the Specific EOI 
register at offset 22H. 


Interrupt Controller 
Registers 
in the Slave Mode 


All control and command registers are located inside 
the internal peripheral control 
block. Figure 34 
shows the offsets of these registers. 


End-of-Interrupt 
Register 


The end-of-interrupt register is a command register 
which can only be written. The format of this register 
is shown in Figure 35. It initiates an EOI command 
when written by the 80C186 CPU. 


The bits in the EOI register are encoded as follows: 
VTx: 
Three least-significant vector type bits corre- 
sponding to the source for which the IS bit is 
to be reset. Figure 34 indicates these bits. 
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In-Service 
Register 


This register 
can be read from or written 
into. It con- 
tains the in-service 
bit for each of the internal 
inter- 
rupt sources. 
The format for this register is shown in 
Figure 
36. Bit positions 
2 and 3 correspond 
to the 
DMA channels; 
positions 
0, 4, and 5 correspond 
to 
the integral 
timers. 
The source's 
IS bit is set when 
the processor 
acknowledges 
its interrupt 
request. 


Interrupt 
Request 
Register 


This 
register 
indicates 
which 
internal 
peripherals 
have interrupt 
requests 
pending. 
The format 
of this 
register 
is shown in Figure 36. The interrupt 
request 
bits are set when a request 
arrives from an internal 
source, 
and are reset when the processor 
acknowl- 


edges 
the request. 
As in Master 
Mode, 
DO and D1 
are read/write; 
all other bits are read only. 


Mask Register 


This register 
contains 
a mask bit for each 
interrupt 
source. 
The format· for this register 
is shown 
in Fig- 
ure 36. If the bit in this register 
corresponding 
to a 
particular 
interrupt 
source 
is set, any interrupts 
from 
that source will be masked. 
These mask bits are ex- 
actly the same bits which 
are used in the individual 
control 
registers, 
i.e., changing 
the state of a mask 
bit in this register 
will also change 
the state of the 
mask 
bit in the 
individual 
interrupt 
control 
register 
corresponding 
to the bit. 


Control 
Registers 


These 
registers 
are the control 
words for all the in- 
ternal 
interrupt 
sources. 
The format 
of these 
regis- 
ters is shown 
in Figure 37. Each of the timers 
and 
both 
of the 
DMA channels 
have their own Control 
Register. 


The 
bits of the Control 
Registers 
are encoded 
as 
follows: 


prx: 
3-bit encoded 
field 
indicating 
a priority 
level 
for the source. 


msk: 
mask bit for the priority 
level indicated 
by prx 
bits. 


OFFSET 


3AH 
TIMER 
2 CONTROL 
REGISTER 


(VECTOR 
TYPE XXXXX101) 


TIMER 
1 CONTROL 
REGISTER 


(VECTOR 
TYPE XXXXX1 00) 


OMA1 CONTROL 
REGISTER 


(VECTOR 
TYPE XXXXX011) 


OMAO CONTROL 
REGISTER 


(VECTOR 
TYPE XXXXX010) 


TIMERO CONTROL 
REGISTER 


(VECTOR 
TYPE XXXXXOoo) 


INTERRUPT 
STATUS 
REGISTER 


INTERRUPT-REQUEST 
REGISTER 


IN·SERVICE 
REGISTER 


PRIORITY-LEVEL 
MASK 
REGISTER 


MASK 
REGISTER 


SPECIFIC 
EOI REGISTER 


INTERRUPT 
VECTOR 
REGISTER 


3BH 


36H 


34H 


32H 


30H 


2EH 


2CH 


2AH 


2BH 


22H 


20H 


Figure 
34_ Interrupt 
Controller 
Registers 
(Slave 
Mode) 
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Figure 
35_ Specific 
EOI Register 
Format 
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Figure 
36_ In-Service, 
Interrupt 
Request, 
and Mask Register 
Format 
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Interrupt Controller and Reset 
Interrupt Vector Re!~ister 


This register provides the upper five bits of the inter- 
rupt vector address. The format of this register is 
shown in Figure 38. The interrupt controller itself 
provides the lower three bits of the interrupt vector 
as determined by the priority level of the interrupt 
request. 


The format of the bits in this register is: 
tx: 
5-bit field indicating the upper five bits of the 
vector address. 


Priority-Level 
Mask Register 


This register indicates the lowest priority-level inter- 
rupt which will be serviced. 


The encoding of the bits in this register is: 
mx: 
3-bit encoded field i'ndicationpriority-level val- 
ue. All levels ot lower priority will be masked. 


Interrupt Status Register 


This register is defined as in Master Mode except 
that DHLT is not implemented (see Figure 27). 


Upon RESET, the interrupt controller will perform 
the following actions: 


• All SFNM bits reset to 0, implying Fully Nested 
Mode. 
• All PR bits in the various control registers set to 1. 


This places all sources at lowest priority (level 
111). 


• All LTM bits reset to 0, resulting in edge-sense 
mode. 


• All Interrupt Service bits reset to O. 
• All Interrupt Request bits reset to O. 
• All MSK (Interrupt Mask) bits set to 1 (mask). 
• All C (Cascade) bits reset to 0 (non-Cascade). 
• All PRM (Priority Mask) bits set to 1, implying no 


levels masked. 


• Initialized to Master Mode. 
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Figure 37. Control Word Format 
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Figure 38. Interrupt Vector Register Format 
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Figure 39. Priority Level Mask Register 
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Enhanced Mode Operation 


In Compatible 
Mode 
the 80C186 
operates 
with all 
the features 
of the NMOS 80186, with the exception 
of 
8087 
support 
(Le. no 
numeric 
coprocessing 
is 
possible 
in Compatible 
Mode). 
Queue-Status 
infor- 
mation 
is still 
available 
for design 
purposes 
other 
than 8087 support. 


All 
the 
Enhanced 
Mode 
features 
are 
completely 
masked when in Compatible 
Mode. A write to any of 
the 
Enhanced 
Mode 
registers 
will 
have 
no effect, 
while a read will not return any valid data. 


In Enhanced 
Mode, 
the 
80C186 
will 
operate 
with 
Power-Save, 
DRAM 
refresh, 
and numerics 
coproc- 
essor support 
in addition to all the Compatible 
Mode 
features. 


Entering Enhanced Mode 


If connected 
to a numerics 
coprocessor, 
this mode 
will be invoked 
automatically. 
Without 
an NPX, this 
mode 
can 
be entered 
by tying 
the 
RESET 
output 
signal from the 80C186 
to the TEST IBUSY 
input. 


Queue-Status Mode 


The queue-status 
mode is entered 
by strapping 
the 
RD pin low. RD is sampled 
at RESET and if LOW, 


the 80C186 will reconfigure 
the ALE and WR pins to 
be QSO and QS1 respectively. 
This mode 
is avail- 
able 
on the 
80C186 
in both 
Compatible 
and 
En- 


hanced 
Modes. 


DRAM Refresh Control Unit 
Description 


The Refresh 
Control 
Unit (RCU) automatically 
gen- 


erates DRAM refresh bus cycles. The RCU operates 
only in Enhanced 
Mode. After a programmable 
peri- 


od of time, the RCU generates 
a memory 
read re- 


quest to the BIU. If the address 
generated 
during a 
refresh 
bus cycle 
is within 
the range 
of a properly 


programmed 
chip select, that chip select will be acti- 
vated when the BIU executes 
the refresh 
bus cycle. 


The ready logic and wait states programmed 
for that 


region will also be in force. 
If no chip select 
is acti- 


vated, 
then external 
ready is automatically 
required 
to terminate 
the refresh 
bus cycle. 


If the HLDA pin is active when a DRAM 
refresh 
re- 
quest is generated 
(indicating 
a bus hold condition), 


then the 80C186 
will deactivate 
the HLDA pin in or- 


der to perform a refresh cycle. The circuit external 
to 
the 
80C186 
must 
remove 
the 
HOLD 
signal 
for at 
least one clock in order to execute 
the refresh cycle. 


The sequence 
of HLDA going inactive while HOLD is 
being 
held active 
can be used to signal 
a pending 
refresh 
request. 


All registers 
controlling 
DRAM refresh 
may be read 
and written 
in Enhanced 
Mode. When the processor 


is operating 
in Compatible 
Mode, they are deselect- 


ed and are therefore 
inaccessible. 
Some 
fields 
of 


these 
registers 
cannot 
be written 
and 
are always 
read as zeros. 


DRAM Refresh Addresses 


The address 
generated 
during a refresh 
cycle is de- 
termined 
by the 
contents 
of the 
MDRAM 
register 
(see Figure 40) and the contents 
of a 9-bit counter. 


Figure 41 illustrates 
the origin of each bit. 


MDRAM: 


Offset EOH'----'-_....L._...l-_'----'-_--'-_..I.----''-----'-_--'--_-'-----'_---'-_--'--_-'--~ 


Bits 0-8: 
Reserved, read back as O. 


Bits 9-15: 
MO-M6, are address bits A13-A19 of the 20-bit memory refresh address. These bits should correspond to 
any chip select address to be activated for the DRAM partition. These bits are cleared to 0 on RESET. 


Figure 
40. Memory 
Partition 
Register 


A19 
A1B 
A17 
A16 
A1S 
A14 
A13 
A12 
A11 
A1D 
A9 
AB 
A7 
A6 
AS 
A4 
A3 
A2 
A1 
AD 
I M6 I M5 I M4 I M3 I M2 I M1 I MO I 
0 
0 I 
0 I CAS I CA71 
CA61 
CA51 
CM I CA31 
CA21 
CA1 I CAO I 
1 I 


M6-MO: 
Bits defined by MDRAM Register 


CA8-CAO: Bits defined by refresh address counter. These bits change according to a linear/feedback shift register; they 


do not directly follow a binary count. 


Figure 
41. Addresses 
Generated 
by RCU 
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CORAM: 
[0 
OffsetE2H ._L---.JL..--L_-L_...L_..I-_L---.J_--L_-L_...L_..I-_L----l_---L_-.J 


Bits 0-8: 
CO-CB, 
clock 
divisor 
register, 
holds the number 
of CLKOUT 
cycles 
between 
each refresh 
request. 


Bits 9-15: 
Reserved, 
read back as O. 


Figure 42. Clock Pre-Scaler 
Register 


EORAM: 
OffsetE4HL-_--L_-L_...L_..I-_L---.JL..--L_-L_...L_..I-_L----l_---L_-L_...L~ 


Bits 0-8: 


Bits 9-14: 


Bit 15: 


TO- T8, refresh 
clock 
counter 
outputs. 
Read only. 


Reserved, 
read back as O. 


Enable 
RCU, set to 0 on RESET. 


Figure 43. Enable RCU Register 


Refresh Control Unit Programming 
and 
Operation 


After 
programming 
the 
MORAM 
and 
the 
CORAM 
registers 
(Figures 40 and 42), the RCU is enabled 
by 
setting 
the 
"E" 
bit in the 
EORAM 
register 
(Figure 
43). The clock 
counter 
(TO- T8 of EORAM) 
will be 
loaded from CO-C8 
of CORAM during T3 of instruc- 
tion cycle that sets the "E" 
bit. The clock counter 
is 
then decremented 
at each subsequent 
CLKOUT. 


A refresh is requested 
when the value of the counter 
has 
reached 
1 and 
the 
counter 
is reloaded 
from 
CORAM. 
In order to avoid missing refresh 
requests, 
the value in the CORAM register should always be at 
least 
18 (12H). Clearing 
the "E" 
bit at anytime 
will 
clear the counter 
and stop refresh 
requests, 
but will 
not reset the refresh 
address 
counter. 


POWER-SAVE 
CONTROL 


Power Save Operation 


The 80C186, 
when in Enhanced 
Mode, can enter a 
power saving state by internally 
dividing the proces- 
sor clock frequency 
by a programmable 
factor. This 
divided 
frequency 
is also available 
at the CLKOUT 


pin. The POCON register 
contains 
the two-bit 
fields 
for selecting 
the clock division factor and the enable 
bit. 


All internal 
logic, including 
the Refresh 
Control 
Unit 
and the timers, 
will have their clocks 
slowed 
down 
by the division factor. 
To maintain 
a real time count 
or a fixed ORAM refresh rate, these peripherals 
must 
be re-programmed 
when 
entering 
and 
leaving 
the 
power-save 
mode. 


The power-save 
mode is exited 
whenever 
an inter- 
rupt is processed 
by automatically 
resetting 
the en- 


able bit. If the power-save 
mode is to be re-entered 


after serving the interrupt, 
the enable 
bit will need to 
be set in software 
before returning 
from the interrupt 
routine. 


The internal 
clocks 
of the 80C186 
will begin to be 
divided 
during the T3 state 
of the instruction 
cycle 
that sets the enable 
bit. Clearing 
the enable 
bit will 
restore 
full speed in the T3 state of that instruction. 


At no time 
should 
the internal 
clock 
frequency 
be 


allowed 
to fall below 0.5 MHz. This is the minimum 
operational 
frequency 
of the 80C186. 
For example, 


an 80C186 
running 
with a 12 MHz crystal 
(6 MH;1 
CLOCKOUT) 
should 
never 
have 
a 
clock 
divisor 
greater 
than eight. 
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PDCON: 
Offset FOHL----1_--L_..l-_L----1_--L_..l-_L----1_-L_L---.JLJ_-L_L---.J 


Clock Divisor Select 
F1 
FO 
Division Factor 
o 
0 
divide by 1 
o 
1 
divide by 4 
1 
0 
divide by 8 
1 
1 
divide by 16 
Reserved, 
read back as zero. 


Enable Power Save Mode. Set to zero on RESET. 


Bits 0-1: 


Bits 2-14: 
Bit 15: 


Figure 44. Power-Save 
Control 
Register 


Interface 
for 80C187 
Numeric 
Processor 
Extension 


In Enhanced 
Mode, three of the mid-range 
memory 
chip selects 
are redefined 
according 
to Table 16 for 
use with the 80C187. 
The fourth 
chip select, 
MCS2 
functions 
as in compatible 
mode, 
and may be pro- 
grammed 
for activity with ready logic and wait states 
accordingly. 
As in compatible 
mode, MCS2 will func- 
tion for one-fourth 
a programmed 
block size. 


Table 
16_MCS Assignments 


Compatible 
Enhanced 
Mode 
Mode 


MCSO 
PEREQ 
Processor 
Extension 
Request 


, MCS1 
ERROR 
NPX Error 
MCS2 
MCS2 
Mid-Range 
Chip Select 
MCS3 
NPS 
Numeric 
Processor 
Select 


Four port addresses 
are assigned 
to the 80C186/ 
80C187 
interface 
for 16-bit reads and writes. 
Table 
17 shows 
the .port definitions. 
These 
ports 
are not 
accessible 
by using 
the 
80C186 
I/O 
instructions. 
However, 
numerics 
operations 
will cause a PCS line 
to be activated 
if it is properly 
programmed 
for this 
I/O range. 


Table 
17_Numerics 
Co processor 
I/O Port 
Assignments 


I/O Address 
Read Definition 
Write Definition 


00F8H 
Status/Control 
Opcode 
OOFAH 
Data 
Data 
OOFCH 
reserved 
CS:IP, DS:EA 
OOFEH 
Opcode Status 
reserved 


ONCETM Test Mode 


To facilitate 
testing 
and inspection 
of devices 
when 
fixed 
into a target 
system, 
the 80C186 
has a test 
- 


mode available 
which allows all pins to be placed 
in 
a high-impedance 
state. ONCE stands 
for "ON 
Cir- 
cuit 
Emulation". 
When 
placed 
in this 
mode, 
the 
80C186 
will put all pins in the high-impedance 
state 
until RESET. 


The ONCE 
mode is selected 
by tying the UCS and 
the LCS LOW during 
RESET. These 
pins are sam- 


pled 
on the 
low-t~h 
transition 
of the 
RES pin. 
The UCS and the LCS pins have weak internal 
pull- 
up resistors 
similar to the RD and TEST/BUSY 
pins 
to guarantee 
normal operation. 
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25MHz 
,r01 


X1 
X2 


UCS 
...--- 
74AC313 
ADOAESS 
RESET 


RES 
ADO-~F~~~ 


ROM 


AD15 
ALE I-- 
STD III 
r 
~ 
f 


1OC1. 
~ 


Ill! 
WII 
T 
PROGRAM 
I 
RAM 


Me!lii-3 


SHE 
I-- 
~ 
SRDY U+5V 


ARDY 


MMIh 
I- 
~ 
HOLD 
~ 
-e- 
LOW RAM 


[B 
11 


, 
I 
TMRING 1--+5V 
7 


TMR OUT G 
l 
~ 
CLOCK 


14AC245 
I-- 
~ 
> 
TRANSCEIVER 
~ 
00-07 


DEN 
~ 
t:t=J t 


SERIAL 
I/O 
DT/R 
~ 
A1 
A2 


INTO 
I 


DISK 
~8DIS 
INTERFACE 
INn, 
HARDWARE 
PCS4 
DRQG 


. 
~ 
G~ 
TERMINAL 


K 
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Figure 45. Typlcal80C186 Computer 
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ABSOLUTE 
MAXIMUM 
RATINGS* 


80C186 


Ambient 
Temperature 
under Bias 
.... 
O°C to + 70°C 


Storage Temperature 
- 65°C to + 150°C 


Voltage 
on Any Pin with 
Respect to Ground 
-1.0V 
to + 7.0V 


Package 
Power Dissipation 
1W 
Not to exceed 
the maximum 
allowable 
die tempera- 
ture based on thermal 'resistance 
of the package. 


•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


NOTICE This data sheet is only valid for devices 
indicated in the Specification Level Markings sec- 
tion. Specifications contained in the following tables 
are subject to change. 


D.C. CHARACTERISTICS 
TA = O°C to + 70°C, VCC = 5V ±10% 
except vcc = 5V.± 
5% at f > 12.5 MHz 


Symbol 
Parameter 
Min 
Max 
Units 
Test Conditions 


Vll 
Input Low Voltage (Except X1) 
-0.5 
0.2Vcc 
- 
0.3 
V 


VIL1 
Clock Input Low Voltage (X1) 
-0.5 
0.6 
V 
• 


VIH 
Input High Volt~ 
0.2Vcc 
+ 0.9 
Vcc 
+ 0.5 
V 
(All except X1, RES, 
ARDY, and SRDY) 


VIH1 
Input High Voltage 
(RES) 
3.0 
vcc + 0.5 
V 


VIH2 
Input High Voltage 
0.2Vcc+1.1 
vcc + 0.5 
V 


(SRDY, ARDY) 


VIH3 
Clock Input High Voltage 
(X1) 
3.9 
vcc + 0.5 
V 


VOl 
Output Low Voltage 
0.45 
V 
IOl = 2.5 mA (SO, 1, 2) 
IOl = 2.0 mA (others) 


VOH 
Output High Voltage 
2.4 
Vcc 
V 
IOH = -2.4 
mA @ 2.4V (4) 


vcc - 
0.5 
Vcc 
V 
IOH = -200 
/l-A @vcc -0.5(4) 


tee 
Power Supply Current 
150 
mA 
@ 16 MHz, O°C 
vcc = 5.25V (3) 


120 
mA 
@ 12.5 MHz, O°C 
vcc = 5.5V (3) 


100 
mA 
@ 10 MHz, O°C 
vcc = 5.5V (3) 


III 
Input Leakage Current 
±10 
/l-A 
@ 0.5 MHz, 
0.45V :;; VIN :;; vcc 


ILO 
Output Leakage Current 
±10 
/l-A 
@0.5MHz, 
0.45V s VOUT :;; VccC1) 


VCLO 
Clock Output Low 
0.45 
V 
IClO = 4.0mA 


VCHO 
Clock Output High 
vcc - 
0.5 
V 
ICHO = - 500 /l-A 


CIN 
Input Capacitance 
10 
pF 
@ 1 MHz(2) 


CIO 
Output or I/O Capacitance 
20 
pF 
@ 1 MHz(2) 


NOTES: 
1. Pins being floated during HOLD or by invoking the ONCE Mode. 
2. Characterization conditions are a) Frequency = 1 MHz; b) Unmeasured pins at GND; c) VIN at + 5.0V or 0.45V. This 
parameter is not tested. 
3. Current is measured with the device in RESET with X1 and X2 driven and all other non-power pins open. 
4. RD/QSMD, UCS, lCS, MCSO/PEREQ,MCS1/ERROR, and TESTIBUSY pins have internal pullup devices. loading some 
of these pins above IOH = - 200 ,..A can cause the 80C186 to go into alternative modes of operation. See the section on 
local Bus Controller and Reset for details. 
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POWER SUPPLY CURRENT 


Current 
is linearly 
proportional 
to clock 
frequency 
and is measured 
with the device 
in RESET with X1 
and X2 driven and all other non-power 
pins open. 


Maximum 
current 
is uiven by lee = 8.4 mA X freq. 


(MHz) + 15 mA. 


Typical current 
is given by Icc (typical) 
= 6.4 mA x 


freq. 
(MHz) + 4.0 mA. "Typicals" 
are based 
on a. 


limited 
number 
of samples 
taken 
from early manu- 


facturing 
lots measured 
at vcc = 5V and room tem- 
perature. 
"Typicals" 
are not guaranteed. 
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1201----t----1f-----bl~--l 


ICC (mA) 
801----+----.l~--:oI"''----l 


4 
8 
12 


Clock Frequency 
(t.4Hz) 
270354-29 


Figure 46. ICCvs Frequency 


16 


Tr,nv 
Data in Hold (A/D) 
I 
3 
r 
I 
3 
I 
I 
3 
I 
I 
ns I 
8OC186 GENERAL TIMING RESPONSES (Listed More Than Once) 


TCHSV 
Status Active Delay 
5 
45 
5 
35 
5 
31 
ns 


TCLSH 
Status Inactive Delay 
5 
46 
5 
35 
5 
30 
ns 


TCLAV 
Address 
Valid Delay 
5 
44 
5 
36 
5 
33 
ns 


TCLAX 
Address 
Hold 
0 
0 
0 
ns 


TCLDV 
Data Valid Delav 
5 
40 
5 
36 
5 
33 
ns 


TCHOX 
Status Hold Time 
10 
10 
10 
ns 


TCHLH 
ALE Active Delay 
30 
25 
20 
ns 


TLHLL 
ALE Width 
TCLCL - 15 
TCLCL - 15 
TCLCL-15 
ns 


TCHLL 
ALE Inactive Delay 
30 
25 
20 
ns 


TAVLL 
Address 
Valid to ALE Low 
TClCH 
-18 
TCLCH - 15 
TCLCH -15 
Equal 
ns 
Loading 


TLLAX 
Address 
Hold from ALE 
TCHCL -15 
TCHCL -15 
TCHCL - 15 
ns 
Equal 


Inactive 
Loading 


T.vr 
•.• 
Address 
Valid to Clock Hiah 
0 
0 
0 
ns 


TCLAZ 
Address 
Float Delay 
TCLAX 
30 
TCLAX 
25 
TCLAX 
20 
ns 


TCLCSV 
Chip-Select 
Active Delay 
3 
42 
3 
33 
3 
30 
ns 


Icxcsx 
Chip-Select 
Hold from 
TCLCH -10 
TCLCH -10 
TClCH 
- 10 
ns 
Equal 


Command 
Inactive 
Loading 


TCHCSX 
Chip-Select 
Inactive Delay 
5 
35 
5 
30 
5 
25 
ns 


TOXDL 
DEN Inactive to DTiFi Low 
0 
0 
0 
ns 
Equal 
Loadina 


TcVCTV 
Control Active Delay 1 
3 
44 
3 
37 
3 
31 
ns 


TCVOEX 
DEN Inctive Delay 
5 
44 
5 
37 
5 
31 
ns 


TCHCTV 
Control Active Delay 2 
5 
44 
5 
37 
5 
31 
ns 


TCllV 
LOCK Valid/Invalid 
Delay 
3 
40 
3 
37 
3 
35 
ns 


8OC186 TIMING RESPONSES (Read (:Vcle) 


TAZRL 
Address 
Float to RD Active 
0 
0 
0 
ns 


TCLRL 
RD Active 
Delav 
5 
44 
5 
37 
5 
31 
ns 


TRLRH 
RD Pulse Wid1h 
2TCLCL -30 
2TCLCL -25 
2TCLCL - 25 
ns 


TCLRH 
RD Inactive 
Delay 
5 
44 
5 
37 
5 
31 
ns 


TRHLH 
- 
TCLCH -14 
TClCH 
-14 
TCLCH -14 
Equal 
RD Inactive to ALE High 
ns 
Loading 


TRHAV 
RD Inactive to Address 
TCLCL - 15 
TCLCL - 15 
TCLCL - 15 
ns 
Equal 
Active 
Loading 
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A. C. CHARACTERISTICS 


READ CYCLE WAVEFORMS 


ALE 


TC 


CLKOUT 


52·50 


BHE, 


A191S6· 
A16/S3 


AD15· 
ADO 


LCS, MCS, UCS, 
-- 
PCS. NPS (Note 2) 


RD 


r=> 
~ 
'---'~~I~ 
-----' 
f\..---J 
I'---.J 
~ 


~ 
I+- 
TCHSV 
••.• 
\+- 
TCLSH(Note 
1) 


~ 
STATUS 
IIIII 
\ 


TCLAV-.j 
~ 


.•..•~CLDV 
I 
I 
I+- 
_TeLAx 
TCHDX ••.• 
.•... 
- 


BHE, A19-A16 
BHE.S6-53 


I+-~TLHLL f-+ 
I 
TLLjX 
V 


HLH~ 
~ 
I~ 
I+- TCHLL I 
TDVCL~ I;:!ti+-- 
TAVLL I4-~J_ 
\+-TCLAZ 
TqLDX 
Ir- 
A15-AO 
~~ 
I 
IL 


TAVC~~ 
~ 
~ 
I+- TAZRL 
TRHLH 
- 
i+-TRHAv- 
--- 
11 


TCLCSV~ 
I+- 
TCLRL 
TRLRH 
TCLRH~ 
I+- 
- 
Tcxcsx 
-y 


TCVCTV ~ 
I+- 
TCVDEX -+ 
~ 
TCHCSX 


I 
- 
- 
J,p 
+-TDXDL (Note 3) 
- 
'.I 
y 
- 
-+l 
..- TCHCTV 
TCHCTV (Note 5) ~ 
:J 
TCLLV 
••• 
.•... 
TCLLV(Note4) 
~ 
- 
I 
I 


DEN 


DT/R 


LOCK 


NOTES: 


1. Status 
inactive 
in state preceding 
T 4 . 
3. 
For write cycle followed 
by read cycle. 


4. T 1 of next bus cycle. 
5. Changes 
in T-state 
preceding 
next bus cycle if followed 
by write. 
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A. C. CHARACTERISTICS 


MAJOR CYCLE TIMINGS (WRITE CYCLE) 


o 
0 
TA - 0 
C to + 70 
C, VCC = 5V ± 10% except VCC= 5V± 
5% at f > 12.5 MHz 


All timings are measured at 1.5V and 100 pF loading on CLKOUT unless otherwise noted. 
All output test conditions are with CL = 50-200 pF (10 MHz) and CL = 50-100 pF (12.5-16 MHz). 
For A.C. tests, input V IL = 0.45V and V'H= 2.4V except at X1 where V'H= VCC- O.SV. 


Symbol 
Parameter 


Equal 
Loading 


8OC186 
8OC186-12 
8OC186-16 
Unit 
Test 
I--M'::':;'ln":":':":"'-::-M:-a-x+--":'M-:=-ln':"':':-r:M-:-a-x+--:M:'::I":'n"':"'::"::"":":-:M:-ax-4 Conditions 


Status Active Delay 


8OC186 GENERAL 
TIMING 
RESPONSES 
(Listed 
More Than 
Oncel 


o 


o 


Status Inactive Delay 


TCLAV 
Address 
Valid Delay 


TCLAX 
Address 
Hold 


Data Valid Delay 


30 


o 


20 


ns 


TCHLH 
ALE Active Delay 


Status Hold Time 


ALE Width 


5 
45 
5 
35 


5 
46 
5 
35 


5 
31 


5 
30 


5 
33 


5 
33 


10 


25 
20 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


Address 
Valid to ALE Low 


ALE Inactive Delay 


5 
44 
5 
36 


TCLCL - 15 


25 


TCLCH -15 


ns 


ns 


Address 
Hold from ALE 
Inactive 


o 


5 
40 
5 
36 


TCHCL -15 
ns 
Equal 
Loadino 


TCLDOX 
Data Hold Time 


Address 
Valid to Clock High 


10 
10 


o 
ns 


TCVCTV 
Control Active Delay 1 


TCVCTX 
Control 
Inactive Delav 


TCLCSV 
Chip-Select 
Active Delay 


TCLCL -15 
TCLCL -15 


3 


3 
31 


3 
31 


3 
30 


ns 


ns 


ns 


ns 


TCXCSX 
Chip-Select 
Hold from 
Command 
Inactive 
Equal 
Loading 


TCHCSX 
Chip-Select 
Inactive Delay 


30 


TCLCH -18 
TCLCH -15 


TCLCH -10 


30 
5 
25 
ns 


ns 


DEN Inactive to DT/R Low 
Equal 
Loading 


TCLLV 
LOCK Valid/Invalid 
Delay 
3 
40 
3 
37 
3 
35 


8OC186 TIMING 
RESPONSES 
(Write 
C clel 


TCHCL - 15 
TCHCL -15 


o 


o 
o 


TWHLH 
WR Inactive to ALE High 


TWLWH 
WR Pulse Width 
2TCLCL _30 
2TCLCL - 25 
2TCLCL - 25 


TCLCH -14 


3 
3 


ns 


ns 


3 
44 
3 
37 


ns 


ns 
Equal 
Loading 


TWHDX 
Data Hold After WR 


TWHDEX 
WR Inactive to DEN Inadive 


270354-36 


3 
44 
3 
37 


3 
42 
3 
33 


TCLCH -10 
TCLCH -10 


5 
35 
5 


o 


TCLCH -14 
TCLCH-14 


TCLCL - 34 
TCLCL - 20 


TCLCH -10 
TCLCH -10 
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TCLCL - 20 


TCLCH - 10 


ns 


ns 


Equal 
Loading 


Equal 
Loadinn 


tst1~, 
A191S6 - A161S3 


AD15-ADO 


LCS, MCS, UCS, 


PCS, NPS(Note 
2) 


WR 


IBHE, 
A19-A16 
BHE, S&-S3 
1 


TLL 
11 
I+- 
1 ....• 


1 


- 
TWHLH 


TLLAX 
! 


CHLH" 
~ 
l-to 
I+- 
TCHLL 
.1 I(..j 


TAVLL 14-I---a 
TCLDOX 
I+- 
- 
A15-AO 
,'-, - 
DATA 
- 
TCVCTX -+I 
I 
I •...• 
I+-T 
Avcr 
~ 
~ 
TWHDX 


1 
TCVCTV 


!+- 


TWLWH 
Tcxcsx 
TCLCSV •...• 
\ 
Y 


I 
I....• 
~ 
I+-TCHCSX 


.!+- 
TcVCTV 
TWHDEX I+- 
I-. 
/ 


TCVCTX -to 
l+- 


TDXDL (Note 
3) f-io 
14- 


), 
\. 
-+l 
~ 
TCHCTV 
TCHCTV (Note 5) -to 
) ~ 


-to 
I+-TCLLV 
TCLLV (Note 4) 
I+- 


I 
I 


ALE 


T 


DEN 


DT/R 


LOCK 


NOTES: 
1. Status inactiv,a in state preceding 
T4. 
2. If latched Al IIncI A2 are selected 
instead of ~ 
and J5ai6, only TCLCSVis applicable. 


3. For write cycl<9followed 
by read cycle. 


4. T 1 of next bus cycle. 
5. Changes 
in T-state preceding 
next bus cycle if followed 
by read, INTA, or halt. 
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A. C. CHARACTERISTICS 


MAJOR CYCLE TIMINGS (INTERRUPT 
ACKNOWLEDGE 
CYCLE) 


TA: 
0° C to 
+ 70° C, VCC:' 
5V ± 10% except V cc: 
5V± 
5% at f > 12.5 MHz 


All timings are measured at 1.SV and 100 pF loading on CLKOUT unless otherwise noted. 
All output test conditions are with Cl = SO-200 pF (10 MHz) and Cl: 
SO-lOO pF (12.S-16 MHz). 


For A.C. tests. input Vll = O.4SV and VIH= 
2.4V except at Xl where VIH= VCC- O.SV. 


Symbol 
Parameter 
8OC186 
8OC186-12 
8OC186-16 
Unit 
Test 


Mln 
Max 
Mln 
Max 
Mln 
Max 
Conditions 


8oc186 
GENERAL 
TIMING 
REQUIREMENTS 
(Listed 
More Than Once) 


Tnvr.1 
Data in Setup (AID) 
15 
15 
t5 
ns 


TClDX 
Data in Hold lAID' 
3 
3 
3 
ns 


8OC186 GENERAL 
TIMING 
RESPONSES 
(Listed 
More Than Once) 


TCHSV 
Status Active Delay 
5 
45 
5 
35 
5 
31 
ns 


TClSH 
Status Inactive Delay 
5 
46 
5 
35 
5 
30 
ns 


TCLAV 
Address 
Valid Delay 
5 
44 
5 
36 
5 
33 
ns 


TAVCH 
Address 
Valid to Clock High 
0 
0 
0 
ns 


TCLAX 
Address 
Hold 
0 
0 
0 
ns 


TCLDV 
Data Valid Delav 
5 
40 
5 
36 
5 
33 
ns 


TCHOX 
Status Hold TIme 
10 
10 
10 
ns 


TCHlH 
ALE Active Delay 
30 
25 
20 
ns 


TLHLL 
ALE Wid1h 
TCLCL- 15 
TCLCL - 15 
TCLCL - 15 
ns 


TCHlL 
ALE Inactive Delay 
30 
25 
20 
ns 


TAVLl 
Address 
Valid to ALE Low 
TCLCH - 18 
TCLCH -'15 
TClCH 
-15 
ns 
Equal 
Loadino 


TlLAX 
Address 
Hold to ALE 
TCHCl 
-15 
TCHCL - 15 
TCHCL - 15 
Equal 
Inactive 
ns 
loadinn 


TClAZ 
Address 
Float Delay 
TClAX 
30 
TCLAX 
25 
TCLAX 
20 
ns 


TCVCTV 
Control Active Delay 1 
3 
44 
3 
37 
3 
31 
ns 


TCVCTX 
Control 
Inactive Delay 
3 
44 
3 
37 
3 
31 
ns 


TOXOL 
DEN Inactive to DTiR Low 
0 
0 
0 
ns 
Equal 
Loadina 


TCHCTV 
Control Active Delay 2 
5 
44 
5 
37 
5 
31 
ns 


TCVDEX 
DEN Inctive Delay 
5 
44 
5 
37 
5 
31 
ns 
(Non-Write 
Cvcles) 


TCllV 
LOCK Valid/Invalid 
Delay 
3 
40 
3 
37 
3 
35 
ns 
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80C186 


A. C. CHARACTERISTICS 


INTERRUPT ACKNOWLEDGE 
CYCLE WAVEFORMS 


T, 
J 


CLKOUT 


52·50 


BHE. 


A19/56· 
A16/53 
BHE.56·53 


TOVCL 


AD15·ADO 


TCVCTV (Note 3) 


TcVCTV 


TOXOL(Note >I) 


DEN 


DT/R 


LOCK 


(Note 5) 


TCLLV 


NOTES: 


1. Status inactive in state preceding 
T 4. 


2. The data hold time lasts only untillNTA 
goes inactive, even if the INTA transition 
occurs prior to TCLDX'(min). 
3. 
INTA occurs one clock later in Slave Mode. 
4. For write cycle followed 
by interrupt acknowledge 
cycle. 


5. LOCK is active upon T 1 of the first interrupt acknowledge 
cycle and inactive upon T2 of the 
second interrupt acknowledge 
cycle. 
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A. C. CHARACTERISTICS 


SOFTWARE 
HALT CYCLE TIMINGS 


o 
0 
TA = 0 
C to + 70 
C, VCC = 5V ± 10% except VCC = 5V ± 5% at f > 12.5 MHz 


All timings 
are measured 
at 1.SV and 
100 pF loading 
on CLKOUT 
unless 
otherwise 
noted. 


All output 
test conditions 
are with 
CL = SO-200 
pF (10 MHz) and 
~ 
= SO-100 pF (12.S-16 
MHz). 


For A.C. 
tests, 
inpu1 V1L = 0.4SVand 
V'H= 
2.4Vexcept 
at X1 where 
V'H= VCC- O.SV. 


Symbol 
Parameter 
8OC186 
8OC186-12 
8OC186-16 
Unit 
Test 


Mln 
Mu 
Mln 
Max 
Mln 
Max 
Conditions 


8OC186 GENERAL 
TIMING 
RESPONSES 
(Listed 
Mora Than Once) 


TCHSV 
Status Active Delay 
5 
45 
5 
35 
5 
31 
ns 


TCLSH 
Status 
Inactive Delay 
5 
46 
5 
35 
5 
30 
ns 


TCLAV 
Address 
Valid Delav 
5 
44 
5 
36 
5 
33 
ns 


TCHLH 
ALE Active Delay 
30 
25 
20 
ns 


TLHLL 
ALE Width 
TCLCL-15 
TCLCL-15 
TCLCL-15 
ns 


TCHLL 
ALE Inactive Delay 
30 
25 
20 
ns 


TOXOL 
DEN Inactive to DTiR Low 
0 
0 
0 
ns 
Equal 
Loading 


TCHCTV 
Control Active Delay 2 
5 
44 
5 
37 
5 
31 
ns 


SOFTWARE 
HALT 
CYCLE WAVEFORMS 


CLKOUT 


A191S6-A161S3, 
AD15-ADO 
INVAUD 
ADDRESS 


DT/R 


ALE 


DEN 


oxodNote 
1) 


NOTE: 


1. For write cycle followed 
by t!alt cycle. 
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:rtft.CK r 
IBlrii ~Q 
n~f.15nOM:\ "'>'" 
CLKIN Low Time 
20 
16 
13 


TCHCK 
CLKIN High Time 
20 
16 
13 
ns 
1.5 V(2) 


TCKHl 
CLKIN Fall 
ime 
5 
5 
5 
ns 
3.5 to 1.0V 


TCKlH 
CLKIN Rise Time 
5 
5 
5 
ns 
1.0 to 3.5V 


8OC186 CLKOUT 
TIMING 


TCICO 
CLKIN to CLKOUT 
Skew 
25 
21 
17 
ns 


TClCl 
CLKOUT 
Period 
100 
2000 
80 
2000 
62.5 
2000 
ns 


TClCH 
0.5 TClCl 
·8 
0.5 TClCl 
·7 
0.5 TClCl 
·7 
ns 
CC100pF(2) 


CLKOUT 
Low Time 
0.5 TClCl 
·6 
0.5 TClCl 
·5 
0.5 TClCl 
·5 
ns 
Cl=50pF(3) 


TCHCl 
0.5 TClCl 
·8 
0.5 TClCl 
·7 
0.5 TClCl 
·7 
ns 
CC'l OOpF(4) 


CLKOUT 
Hi!lh Time 
0.5 TClCl 
·6 
0.5 TClCl 
·5 
0.5 TClCl 
·5 
ns 
Cl=50pF(3) 


TCH1CH2 
CLKOUT 
Rise Time 
10 
10 
10 
ns 
1.0 to 3.5V 


TCl2Cl1 
CLKOUT 
Fall Time 
10 
10 
10 
ns 
3.5 to 1.0V 


NOTES: 
1. TClCK 
and T CHGK(CLKIN 
Low and High times) should not have a duration less than 40% of T CKIN 


2. Tested under worst case conditions: 
VCC= 5.5V (5.25V @ 16 MHz). TA = 700C. 


3. Not Tested. 
4. Tested under worst case conditions: 
VCC = 4.5V (4.75V @ 16 MHz). TA = if C. 


CLOCK WAVEFORMS 


X1 


CLKOUT 


TCl2Cl1 


~------TClCH-------~~---------TCHCl------~ 


TCH1CH2 
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A. C. CHARACTERISTICS 


READY, 
PERIPHERAL, 
AND 
QUEUE 
STATUS 
TIMINGS 


o 
0 
TA = 0 
C to + 70 
C, VCC = 5V ± 10% except 
VCC= 5V± 
5% at f> 12.5 MHz 


All timings are measured at 1.5V and 100 pF loading on CLKOUT unless otherwise noted. 
All output test conditions are with CL = 50-200 pF (10 MHz) and CL = 50-100 pF (12.5-16 MHz). 
For A.C. tests, input V IL = 0.45V and V1H= 
2.4V except at X1 where V1H= VCC- 0.5V. 


Symbol 
Parameter 
8OC186 
8OC186-12 
8OC186-16 
I Unit 
Test 


Mln 
I Max 
Mln 
Max 
Mln 
Max 
Conditions 


8OC186 READY AND PERIPHERAL 
TIMING 
REQUIREMENTS 


TSRYCL 
Synchronous 
Ready(SRDY) 
15 
15 
15 
ns 
Transition 
Setup Time (1) 


TCLSRY 
SRDY Transition 
Hold 
15 
15 
15 
Time (1) 
ns 


TARYCH 
ARDY Resolution 
Transition 
15 
15 
15 
ns 
Setup Time 
(2) 


TCLARX 
ARDY Active Hold Time(1) 
15 
15 
15 
ns 


TARYCHL 
ARDY Inactive Holding Time 
15 
15 
15 
ns 


TARYLCL 
Asynchronous 
Ready 
25 
25 
25 
ns 
(AROY) Setup Time (1) 


TINVCH 
INTx, 
NMI, TEST/BUSY, 
15 
15 
15 
ns 
TMR IN Setup Time 
(2) 


TINVCL 
DROO, DRQl 
Setup 
15 
15 
15 
ns 
Time 
(2) 


8OC186 PERIPHERAL 
AND QUEUE 
STATUS 
TIMING 
RESPONSES 


TCLTMV 
Timer Output Delay 
40 
33 
27 
ns 


TCHQSV 
Queue Status Delay 
37 
32 
30 
ns 


NOTES: 


1. To guarantee 
proper operation. 


2. To guarantee 
recoqnition 
at clock edge. 


SYNCHRONOUS 
READY 
(SRDY) 
WAVEFORMS 


CLKOUT 


•.•• 
TCLSRY 


. 


SRDY 
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A. C. CHARACTERISTICS 


ASYNCHRONOUS 
READY (ARDY) WAVEFORMS 


AROY 
( 
(NormallyReady< 
System) 
---------------,.1 


CLKOUT 


AROY 
(NormallyNot 
ReadySystem) 


PERIPHERAL 
AND QUEUE STATUS WAVEFORMS 


CLKOUT 


INT0-3, 
NMI, 
TEST, TIMERIN 


ORQO,ORQl 


TIMEROUT 


QSO,QSl 
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A. C. CHARACTERISTICS 


RESET AND HOLD/HLDA 
TIMINGS 


TA = 0° C to 
+ 70° C, VCC = 5V 
± 10% except VCC = 5V 
±5% at f> 
12.5 MHz 


All timings 
are measured 
at 1.5V and 
100 pF loading 
on CLKOUT 
unless 
otherwise 
noted. 


All output 
test conditions 
are with 
Cl = 50-200 
pF (10 MHz) 
and Ct. = 50-100 
pF (12.5-16 
MHz). 


For A.C. 
tests, 
input 
V Il = 0.45V 
and VIH = 2.4V 
except 
at Xl where 
VIH = V CC- 0.5V. 


BOC186 
AOC1M-12 
ftft~.'ft~ 
,~ 
Test 
Symbol 
Parameter 
Unit 
Mln 
Max 
Mln 
Max 
Min 
Max 
Conditions 


8OC186 RESET AND HOLDIHLDA 
TIMING 
REQUIREMENTS 


TRESIN 
RES setuo 
15 
15 
15 
ns 


THVr.l 
HOLD Setup (1) 
15 
15 
15 
ns 


8OC186 GENERAL 
TIMING 
RESPONSES 
(Listed 
More Than Once) 


TCLAZ 
Address 
Float Delay 
TCLAX 
30 
TCLAX 
25 
TClAX 
20 
ns 


TClAV 
Address 
Valid Delay 
5 
44 
5 
36 
5 
33 
ns 


8OC186 RESET AND HOLDIHLDA 
TIMING RESPONSES 


TClRO 
Reset Delay 
40 
33 
27 
ns 


TClHAV 
HLDA Valid Delay 
3 
40 
3 
33 
3 
25 
ns 


TCHCZ 
Command 
Lines Float 
40 
33 
28 
Delay 
ns 


TCHCV 
Command 
Lines Valid Delay 
44 
36 
32 
(after Float) 
ns 


NOTE: 
1. To guarantee 
recognition 
at next clock. 


RESET WAVEFORMS 


CLKOUT 
.1,_--.1 


RESET ------------------------~JI 
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HOLD/HLDA 
WAVEFORMS 
(Entering 
Hold) 


8OC186 


CLKOUT 


HOLD 


HLDA 


-~ 


T~"A~--n---+--+------..,.---- 


AD1S-AOO. 
-'-------------------~l~------~---~~~I 
~------~---------- 
DEN 
8OC186 
r 


, A191S6 - A16/S3, 
Rb,WR,~, 
DTiR, 52 • SO, 
LOCK 


TCHCZ 


HOLD/HLDA 
WAVEF'ORMS (Leaving 
Hold) 


CLKOUT 


HOLD 


AD1S·ADO, 
DEN 


A19/56· 
A16/53" 
RD,WR,~, 
DTiR,52 - S0, 
- 
LOCK 


HLDA 


8OC186 


8OC186 
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• 


DE: 


H: 


IN: 


L: 
0: 


OS: 
R: 
S: 


SRY: 


V: 


W: 


X: 


Z: 


DEN 


Logic Level High 


Input (DROO, TIMO, " " " ) 


Logic, Level Low or ALE 


Output 


Oueue Status (OS1, OS2) 


RD Signal, RESET Signal 


Status 
(SO, S1, S2) 


Synchronous 
Ready Input 


Valid 


WR Signal 


No Longer a Valid Logic Level 


Float 
T 


Examples: 


TCLAY 
"- 
Time from Clock low to Address 
valid 


TCHLH 
- 
Time from Clock high to ALE high 


TCLCSV 
- 
Time from Clock low to Chip Select valid 
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WAVEFORMS 
(Continued) 


3 


2 


f- X= h~gh-t~-IOW 


0= low-to-hlgh 


/ 
~'/ 
~ 


lP' 


Typical 
Output Delay Capacitive 
Derating 


8 


7 


6 


5 
....s. 
4 


o 
50 
75 
100 
125 
150 
175 


Capacitive Load (pF) 
270354-31 


Figure 47. Capacitive 
Derating 
Curve 


Typical 
Rise and Fall Times for TTL Voltage 
Levels 


8 


7 


6 


5 


3 


2 


~ 
X= iv to 10.8V 
0= 0.8V to 2V 
~ 
/ 
.-'V 
~- 
~- 
I--" V 


o 
50 
75 
100 
125 
150 
175 


Capacitive Load (pF) 
270354-32 


Figure 48. TTL Level Rise and Fall Times for Output Buffers 


50 
75 
100 
125 
150 
175 


Capacitive Load (pF) 
270354-33 


Typical 
Rise and Fall Times for CMOS Voltage 
Levels 


16 


14 


12 


10 


6 


4 


2 


o 


V 


./ ~ 
/ 
./' ~ 


,/" .,..~ 
,,-/ 


X= 3.5V to OAV 
0= ?4V ~o 3.5;" 


....s. 
8 
- 


Figure 49. CMOS Level Rise and Fall Times for Output Buffers 
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80C186 
EXPRESS 
80C186 
EXECUTION 
TIMINGS 


The Intel EXPRESS 
system offers enhancemerits 
to 
the operational 
specifications 
of the 80C186 
micro- 
processor. 
EXPRESS 
products 
are 
designed 
to 
meet the needs of those applications 
whose operat- 
ing requirements 
exceed 
commercial 
standards. 


The 80C186 EXPRESS program 
includes 
an extend- 


ed temperature 
range. 
With 
the 
commercial 
stan- 
dard temperature 
range, operational 
characteristics 
are guaranteed 
over the temperature 
range of O·C to 
+ 70·C. 
With 
the extended 
temperature 
range 
op- 


tion, operational 
characteristics 
are guaranteed 
over 
the range of - 40·C to + 8S·C. 


Package types and EXPRESS versions 
are identified 
by a one or two-letter 
prefix to the part number. The 
prefixes 
are 
listed 
in Table 
17. All A.C. and 
D.C. 
specifications 
not mentioned 
in this section 
are the 
same for both commercial 
and EXPRESS 
parts. 


Table 
17:Prefix 
Identification 


Prefix 
Package 
Temperature 
Type 
Range 


A 
PGA 
Commercial 


N 
PLCC 
Commercial 


R 
LCC 
Commercial 


TA 
PGA 
Extended 


TN 
PLCC 
Extended 


TR 
LCC 
Extended 


NOTE: 
Extended 
temperature 
versions 
of 
the 
80C186 
are 
not 
available at 16 MHz. 


A determination 
of 80C186 
program 
execution 
tim- 
ing must consider 
the bus cycles 
necessary 
to pre- 
fetch instructions 
as well as the number of execution 
unit cycles 
necessary 
to execute 
instructions. 
The 
following 
instruction 
timings 
represent 
the minimum 
execution 
time in clock 
cycles 
for each 
instruction. 
The timings 
given 
are based 
on the 
following 
as- 


sumptions: 


• 
The opcode, 
along with any data or displacement 


required 
for execution 
of a particular 
instruction, 


has been prefetched 
and resides in the queue at 


the time it is needed. 


• 
No wait states or bus HOLDs 
occur. 


• 
All word-data 
is located 
on even-address 
bound- 
aries. 


All jumps and calls include the time required to fetch 
the opcode 
of the next instruction 
at the destination 
address. 


All instructions 
which involve 
memory 
accesses 
can 
require one or two additional 
clocks 
above the rnml- 


mum timings 
shown due to the asynchronous 
hand- 


shake between 
the bus interface 
unit (BIU) and exe- 


cution unit. 


With a 16-bit BIU, the 80C186 
has sufficient 
bus per- 


formance 
to ensure that an adequate 
number of pre- 


fetched 
bytes will reside 
in the queue 
most 
of the 
time. Therefore, 
actual 
program 
execution 
time will 
not be substantially 
greater 
than that derived 
from 
adding the instruction 
timings 
shown. 
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INSTRUCTION 
SET SUMMARY 


;,. 
Clock 
Function 
Format 
Cycles 
Comments 


DATA TRANSFER 
MOV = Move: 


Register to RegisterlMemory 
I 1000100w 
1 
mod reg rIm 
2/12 


RegisterI memory to register 
1 1000101w 
1 
mod reg rIm 
2/9 


Immediate to registerlmemory 
Lil000llW 
1 
mod 000 rIm 
data 
-I 
dataifw=l 
I 
12-13 
8/16-bit 


Immediate to register 
Li 011w 
reg I 
data 
dataifw=l 
1 
3-4 
8/16-bit 


Memory to accumulator 
Li 
01 OOOOw 
1 
addr-Iow 
addr-high 
I 
8 


Accumulator to memory 
Li 
010001 
w I 
addr-Iow 
I 
addr-high 
1 
9 


Registerlmemory to segment register I 
10001110 
I mod 0 reg rIm 
1 
2/9 


Segment register to registerI memory I 
10001100 
1 mod 0 reg rIm 
1 
2/11 


PUSH = Push: 


Memory 
I 
11111111 
1 mod 110 
rIm 
1 
16 


Register 
I 
01010reg 
1 
10 


Segment register 
I 
OOOreg 110 
I 
9 


l~ 


, 


,1 (11fdltos.iil 
'Wl 
f 
•f';~rfr 
".;;rr 
,1 
'i,@,tB 


~~~~, 
.t)i'i::PP(}<ij)";:r ' 
AA 
-F 


w 


pOP = Pop: 


Memory 
I 
10001111 
I mod 0 0 0 rIm 
1 
20 


Register 
I 
01011 
reg 
1 
10 


Segment register 
1 OOOreglll 
1 
(reg*Ol) 
8 


" Qli'Ol.loo'1 I 
"",~'7._. 
"1 
~~~<lIt~ 


'.:..' 
, 


XCHG = Exchange: 


RegisterI memory with register 
[jOOOOllW'1 
modreg rIm 
1 
4/17 


Register with accumulator 
I 
10010reg 
1 
3 


IN = Input from: 


, 


Fixed port 
I 1110010w 
port 
1 
10 


Variable port 
[jll0ll0W 
8 


OUT = Output to: 
'I 


Fixed port 
[jll00llW 
port 
1 
9 
, 


Variable port 
[j 
110111 
w 
7 


XLAT = Translate byte to AL 
[11010111 
11 
li 


LEA = Load EA to register 
[10001101 
modreg rIm 
1 
6 


LDS = Load pointer to DS 
I 
11000101 
I 
modreg rIm 
1 
(rnod=f t) 
18 


LES = Load pointer to ES 
[11000100 
I 
mod reg rIm 
1 
(rnod=j t) 
18 


LAHF = Load AH with flags 
I 
10011111 
1 


I 


2 


SAHF = Store AH into flags 
[10011110 
1 
3 


PUSHF = Push flags 
[10011100 
1 
9 


POPF = Pop flags 
I 
10011101 
1 
8 


Shaded 
areas 
Indicate 
Instructions 
not available 
in 8086, 
8088 rnicrosysterns. 
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INSTRUCTION 
SET SUMMARY 
(Continued) 
" 


Function 
Format 
Clock 
Comments 
Cycles 


DATA 
TRANSFER 
(Continued) 


SEGMENT 
~ Segment 
Override: 


CS 
I 
00101110 
I 
2 


SS 
I 
00110110 
I 
2 


OS 
I 
00111110 
I 
2 


ES 
I 
0010'0110 
I 
2 


ARITHMETIC 


ADD 
~ Add: 


Reglmemory 
with register 
to either 
I 
OOOOOOdw 
I 
modreg 
rIm 
I 
3/10 


Immediate 
to registerlmemory 
I 
100000sw 
I 
modOOO 
rIm I 
data 
I 
data if s w~OI 
I 
4/16 


Immediate 
to accumulator 
I 
0000010w 
I 
data 
I 
dataifw~1 
I 
3/4 
8116-bit 


ADC 
~ Add 
with 
carry: 


Reglmemory 
with register 
to either 
I 
000100dw 
I 
modreg 
rIm 
I 
3110 


Immediate 
to registerlmemory 
I 
100000sw 
I 
modO 
10 
rIm I 
data 
I data if s w~OI 
I 
4116 


Immediate 
to accumulator 
I 
0001010w 
I 
data 
I 
dataifw~1 
I 
3/4 
8116-bit 


INC 
~ 
Increment: 


Register I memory 
I 
lllllllw 
I 
modOOO 
rIm I 
3115 


Register 
I 
01000reg 
I 
3 


SUB 
~ Subtract: 


Reglmemory 
and register 
to either 
I 
001010dw 
I 
mod reg 
rIm 
I 
3110 


Immediate 
from registerlmemory 
I 
100000sw 
I 
mod 1 01 
rIm I 
data 
I 
data if s w~OI 
I 
4116 


Immediate 
from accumulator 
I 
0010110w 
I 
data 
I 
data it w=f 
I 
3/4 
8116-bit 


SBB 
~ Subtract 
with 
borrow: 


Reglmemory 
and register 
to either 
000110dw 
I 
mod reg 
rIm 
I 
3110 


Immediate 
from register I memory 
100000sw 
I 
modO 
11 
rIm I 
data 
I datait s w=ut 
I 
4116 


Immediate 
from accumulator 
0001110w 
I 
data 
I 
data ifw~1 
I 
3/4 
8116-bit 


DEC 
~ 
Decrement 


Register I memory 
1111111 
w I 
modOOl 
rIm I 
3115 


Register 
01001 
reg 
I 
3 


CMP 
~ Compare: 


Registerlmemory 
with register 
I 
0011101 
w I 
mod reg 
rIm 
I 
3110 
-- 


Register 
with register I memory 
I 
0011100w 
I 
modreg 
rIm 
I 
3110 


Immediate 
with register I memory 
I 
100000sw 
I 
modlll 
rIm I 
data 
I data it s w=Dt 
I 
3110 


Immediate 
with accumulator 
I 
0011110w 
I 
data 
I 
data it w=j 
I 
3/4 
8116-bit 


NEG 
~ 
Change 
sign registerlmemory 
I 
1111011 
w I 
modOll 
rIm I 
3110 


AAA 
~ 
ASCII adjust for add 
I 
00110111 
8 


DAA 
~ 
Decimal 
adjust 
for add 
I 
00100111 
4 


MS 
~ ASCII adjust for subtract 
I 
00111111 
7 


DAS 
~ 
Decimal 
adjust for subtract 
I 
00101111 
4 


MUL 
~ 
Multiply 
(unsigned): 
I 
1111011 
w 
mod 100 rIm 
I 
Register-Byte 
26-28 


Register-Word 
35-37 
Memory-Byte 
32-34 
Memory-Word 
41-43 


Shaded 
areas indicate 
tnstructlons 
not available 
In 8086. 8088 
rnicrosystems. 
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INSTRUCTION 
SET SUMMARY 
(Continued) 


Function 
Format 
Clock 
Comments 
Cycles 


ARITHMETIC 
(Continued) 


IMUL 
= Integer multiply (signed): 
1111011 
w 
mod 101 
rIm 


Register-Byte 


Register-Word 


Memory-Byte 


Memory-Word 


DIY 
= Divide (unsigned): 
1111011 
w 


Register-Byte 


Register-Word 
Memory-Byte 


Memory-Word 


IDlY 
= Integer divide (signed): 
1111011w 
mod 111 
rIm 


Register-Byte 
44-52 
Register-Word 
53-61 
Memory-Byte 
50-58 
Memory-Word 
59-67 


AAM 
= ASCII adjust for multiply 
Gl 
01 01 00 
00001010 
19 


AAD 
= ASCII adjust for divide 
11010101 
00001010 
15 


CBW 
= Convert byte to word 
10011000 
2 


CWD 
= Convert word to double word 
10011001 
4 


LOGIC 


Shift/Rotate 
Instructions: 


Register/Memory 
by 1 
1101000w 
modTTTr/m 
2/15 


Register/Memory 
by CL 
1101001 
w 
modTTTr/m 
5+n/17+n 


TTT 
Instruction 


000 
ROL 
001 
ROR 
010 
RCL 
011 
RCR 


100 
SHLlSAL 


101 
SHR 


111 
SAR 
AND = And: 


Reg/ memory and register to either 
001000dw 
modreg 
rIm 
3/10 


Immediate 
to register/memory 
1000000w 
mod 100 
rIm 
data 
dataifw=1 
4/16 


Immediate to accumulator 
G:Ol00l0'w 
data 
dataifw=1 
3/4 
8/16-bit 


TEST = And lunctlon 
to Ilags, 
no result: 


Register/memory 
and register 
GOOO010W 
mod reg rIm 
3/10 


Immediate 
data and register/memory 
I 
1111011 
w 
mod 0 0 0 rIm 
data 
dataifw=1 
4/10 


Immediate 
data and accumulator 
G010l00W 
data 
dataifw=1 
3/4 
8/16-bit 


OR=Or: 


Reg/memory 
and register to either 
[?"00010dW 
modreg 
rIm 
3/10 


Immediate 
to register/memory 
[1""000000 
w 
modOO 
1 rIm 
data 
data ifw= 
1 
4/16 


Immediate 
to accumulator 
I 
0000110w 
data 
dataifw=1 
3/4 
8/16-bit 


Shaded 
areas 
indicate 
instructions 
not available 
in 8086, 8088 microsystems. 
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",M,..." = vompare 
Dyte/worO 
I 1010011 
w I 
22 


SCAS = Scan byie/word 
I 
101011.1 
w I 
15 


LODS = Loadbyte/wd to ALl AX 
I 1010110w 
I 
12 


STOS = Storebyte/wd from ALl AX 
I 
1010101w 
I 
10 


INS •••Inputby\IeIwd from OXport 
I 01101 
tOw 
I 
14 


. 


10UTS- 
IwdloOXoort 
I 0110111w 
I 
14 


Repeatedby count inex (REP/REPE/REPZ/REPNE/REPNZ) 


MOVS = Movestring 
I 
11110010 
I 
1010010w 
I 
8+8n 


CMPS = Comparestring 
I 
1111001 
z I 
1010011 
w I 
5+22n 


SCAS = Scanstring 
I 
1111001 
z I 
1010111 
w I 
5+15n 


LODS = Loadstring 
I 
11110010 
I 
1010110w 
I 
6+11n 


STOS = Storestring 
I 
11110010 
I 
1010101w 
I 
6+9n 
1- 
I 
I 
I 
INS - 
InputsIrinG 
11110010 
Off 
01 tOw 
8+8n 


OUTS- 
I 11 11 00 10 I 0 11 0 1 t 1w I 
8+$1 


CONTROLTRANSFER 


CALL = Call: 


Directwithin segment 
I 
11101000 
I 
disp-Iow 
I 
disp-high 
I 
15 


RegisterI memory 
I 
11111111 
I modO 10 rIm I 
13/19 
, 


indirectwithin segment 


Directintersegment 
I 
10011010 
I 
segmentoffset 
I 
23 
I 
segmentselector 
I 


Indirectintersegment 
I 
111111 
tl 
I modOll 
rIm I 
(mod""11) 
38 


JMP = Uncondltlonaljump: 


Short/long 
I 
11101011 
I 
disp-Iow 
I 
14 


Directwithin segment 
I 
11101001 
I 
disp-Iow 
I 
disp-high 
I 
14 


Register/memoly 
I 
11111111 
I mod 100 
rIm I 
11/17 


indirectwithin segment 


Directintersegment 
I 
11101010 
I 
segmentoffset 
I 
14 
I 
segmentselector 
I 


Indirect intersegment 
I 11111111 
I modl0l 
rIm I 
(mod""ll) 
26 


Shaded 
areas indicate 
instructions 
not available 
In 8086, 8088 
rmcrosystems. 
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80C186 


INSTRUCTION 
SET SUMMARY 
(Continued) 


Function 
Format 
Clock 
Comments 
Cycle., 


CONTROL TRANSFER (Continued) 
RET ~ Return from CALL: 


Within segment 
11000011 
16 


Within seg adding immed to SP 
11000010 
data-Iow 
data-high 
18 


Intersegment 
11001011 
22 


Intersegment adding immediate to SP 
11001010 
data-Iow 
data-high 
25 


JE/JZ ~ Jump on equal/zero 
01110100 
disp 
4/13 
JMPnot 


JLlJNGE 
~ Jump on less/not greater or equal 
01111100 
disp. 
4/13 
taken/JMP 


taken 
JLE/JNG ~ Jump on less or equal/not greater 
01111110 
disp 
4/13 


JB/JNAE ~ Jump on below/not above or equal 
01110010 
disp 
4/13 


JBE/JNA ~ Jump on below or equal/not above 
01110110 
disp 
4/13 


JP/JPE ~ Jump on parity/parity even 
01111010 
disp 
4/13 


JO ~ Jump on ov9{flow 
01110000 
disp 
4/13 


JS ~ Jump on sign 
01111000 
disp 
4/13 


JNE/JNZ ~ Jump on not equal/not zero 
01110101 
disp 
4/13 


JNLlJGE 
~ Jump on not less/greater or equal 
01111101 
disp 
4/13 


JNLE/JG ~ Jump on not less or equal/greater 
01111111 
disp 
4/13 


JNB/JAE ~ Jump on not below/above or equal 
01110011 
disp 
4/13 


JNBE/JA ~ Jump on not below or equal/above 
01110111 
disp 
4/13, 


JNP/JPO ~ Jump on not par/par odd 
01111011 
disp 
4/1::, 


JNO ~ Jump on not overflow 
01110001 
disp 
4/1::1 


JNS ~ Jump on not sign 
01111001 
disp 
4/1::1 


JCXZ ~ Jump on ex zero 
11100011 
disp 
5/Hi 


LOOP ~ loop ex times 
11100010 
disp 
6/W 
LOOP not 


LOOPZlLOOPE ~ Loop while zero/equal 
11100001 
disp 
6/11; 
taken/lOOP 
taken 
LOOPNZ/LOOPNE ~ loop while not zero/equal I 
6/Hi 


- 
Enter Procedure 
-0 
= 1 
>1 


INT ~ Interrupt: 


ype specified 
11001101 
type 
47 


ype3 
11001100 
45 
ij INT. laken/ 


INTO ~ Interrupt on overflow 
11001110 
48/·t 
iflNT.not 
taken 


IRET ~ Intenruptreturn 
11001111 
28 


rIm 


Shaded 
areas 
indicate 
instructions 
not available 
in BOB6, BOBB microsystems. 
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INSTRUCTION 
SET SUMMARY 
(Continued) 


Format 
Clock 
Commenta 
Function 
Cycles 


PROCESSORCONTROL 


CLC = Clear carry 
11111000 
2 


CMC = Complement carry 
11110101 
2 


STC = Set carry 
11111001 
2 


CLD = Clear direction 
11111100 
2 


STD = Set direction 
11111101 
2 
I~ 


CLI = Clear interrupt 
11111010 
2 


STI = Set interrupt 
I 
11111011 
2 


HLT = Halt 
I 
11110100 
2 


WAIT = Wait 
I 
10011011 
6 
ifTEST = 0 


LOCK = Bus lock prefix 
I 
11110000 
I 
2 


NOP = No Operation 
I 
10010000 
I 
3 


(TTT LLL are opcode to processor eX1ension) 


Shaded 
areas indicate 
instructions 
not available 
in BOB6, BOBB microsystems. 


FOOTNOTES 


The Effective 
Address 
(EA) of the memory 
operand 
is computed 
according 
to the mod and rim fields: 
if mod 
11 then rim is treated as a REG field 
if mod 
00 then DISP = 0', disp-Iow and disp- 
high are absent 
01 then DISP = disp-Iow sign-ex- 
tended to 16-bits, disp-high 
is absent 
10 then DISP = disp-high: 
disp-Iow 
000 then EA = (BX) + (SI) + DISP 
001 then EA = (BX) + (DI) + DISP 
010 then EA = (BP) + (SI) + DISP 
011 then EA = (BP) + (DI) + DISP 
100 then EA = (SI) + DISP 
101 then EA = (DI) + DISP 
110 then EA = (BP) + DISP' 
111 then EA =. (BX) + DISP 


if mod 


if mod 
if rim 
if rim 
if rim 
if rim 
if rim 
if rim 
if rim 
if rim 


DISP follows 
2nd byte of instruction 
(before 
data if 
required) 


'except 
if mod = 00 and rim = 
110 then 
EA = 
disp-high: 
disp-Iow. 


EA calculation 
time is 4 clock 
cycles 
for all modes, 
and is included 
in the execution 
times given whenev- 
er appropriate. 


Segment Override 
Prefix 


1001reg101 


reg is assigned 
according 
to the following: 


Segment 
reg 
Register 
00 
ES 
01 
CS 
10 
SS 
11 
DS 


REG is assigned 
according 
to the following 
table: 
16-Blt (w = 1) 
8-Blt (w = 0) 
OOOAX 
OOOAL 
001 CX 
001 CL 
010 DX 
010 DL 
011 BX 
011 BL 
100 SP 
100 AH 
101 BP 
101 CH 
110 SI 
110 DH 
111 DI 
111 BH 


The physical 
addresses 
of all operands 
addressed 
by the BP register 
are computed 
using the SS seg- 
ment register. 
The physical 
addresses 
of the desti- 
nation 
operands 
of the 
string 
primitive 
operations 
(those 
addressed 
by the DI register) 
are computed 
using the ES segment, 
which may not be overridden. 
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The sections 
significantly 
revised 
since version 
-003 are: 


Front Page 
Deleted 
references 
to burn-in devices. 


Local Bus Controller 
and Reset 
Clarified 
effects 
of excessive 
loading 
on pins with 
internal 
pullup 
devices. 
Equivalent 
resistance 
no longer shown. 


Renamed 
VCLI to V,U. 
Renamed 
VCHI to V,H3. Changed 
VOH (min.) from 
0.8 VCC to VCC - 
0.5V. Changed 
tee (max.) 
from 
180 mA to 150 mA at 
16 MHz, 150 mA to 120 mA at 12.5 mA, and 100 mA to 120 mA at 10 MHz. 
Changed 
VCLO (max.) from 0.5V to 0.45V. Changed 
VCHO (min.) from 0.8 VCC 


to vcc - 
0.5V. 
Clarified 
effect 
of excessive 
loading 
on pins with 
internal 


pullup devices. 


Added 
equation 
and graph for maximum 
current. 


Many timings changed 
(all listed in ns): TDVCL (min.) at 16 MHz from 10 to 15; 
TCLDX(min.) from 5 to 3; TCLAY (max.) at 10 MHz from 50 to 44; TCHCV(max.) 
from 45 to 44 at 10 MHz, and from 37 to 36 at 12.5 MHz; Tl.HLL (min.) from 
TCLCL - 
30 to TCLCL - 
15; TLLAX (min.) at 10 MHz from TCHCL - 
20 to 


TCHCL - 
15; TCVCTV (max.) from 56 to 44 at 10 MHz and from 47 to 37 at 
12.5 MHz; TCVDEX(max.) from 56 to 44 at 10 MHz, :47 to 37 at 12.5 MHz, and 
from 
35 to 31 at 16 MHz; TRHAV (min.) from 
TCLCL - 
40 at 10 MHz and 


TCLCL - 
20 at 12.5 MHz and 
16 MHz to TCLCL - 
15 at all frequencies; 
TRLRH (min.) 
from 
2 TCLCL - 
46 
to 
2 TCLCL - 
30 
at 
10 
MHz, 
from 
2 TCLCL - 
40 to 2 TCLCL - 
25at 12.5 MHz, and 2 TCLCL - 
30t02TCLCL 
- 
25 
at 16 MHz; TWLWH (min.) from 2 TCLCL - 
34 to 2 TCLCL - 
30 at 10 MHz, and 
2 TCLCL - 
30 to 2 TCLCL - 
25 at 12.5 MHz; TAVLL (min.) from TCLCH - 
19 
to TCLCH - 
18 at 10 MHz; TCLSH (max.) at 10 MHz from 50 to 46; TCLTMV 
(max.) 
from 
48 to 40 at 10 MHz, 40 to 33 at 12.5 MHz, and 30 to 27 at 


16 MHz; TCLRO (max.) from 48 to 40 at 10 MHz, 40 to 33 at 1~~.5MHz, and 30 
to 27 at 16 MHz; TCHQSV (max.) 
from 
28 to 37 at 10 MHz, 28 to 32 at 


12.5 MHz, and 25 to 30 at 16 MHz; TCHDX(min.) from 5 to 10; TCLLV (max.) at 
10 MHz from 45 to 40 and at 12.5 MHz from 40 to 37; TCLCSV (max.) from 45 
to 42 at 
10 MHz; TCHCSX (max.) 
from 
32 to 35 at 10 MHz, 
28 to 30 at 
12.5 MHz, and 23 to 25 at 16 MHz; and TCH1CH2 and TC2CL1 
(max.) 
at 
16 MHz from 8 to 10. Added 
new timings 
for TWHDEX, TRHI.H, and TWHLH. 
Established 
min. timing for TCLCSV. 


Section 
rearranged 
to show waveforms 
on same or facing 
page relative 
to 
corresponding 
tabular 
data. TCLSRY drawn 
to same clock 
edge as TSRYCL. 


Drawing 
changed 
to indicate 
one 
less clock 
between 
HOL.D inactive 
and 
HLDA inactive. 


D.C. Characteristics 


Power Supply Current 


A.C. Characteristics 


Timing Waveforms 


Specification 
Level Markings 
New Section. 
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The sections 
significantly 
revised 
since version 
-002 are: 


Block Diagram 
Redrawn to illustrate numerics coprocessor interface. 
Pin Description Table 
Various descriptions rewritten for clarity. 
Interrupt Vector Table 
Redrawn for clarity. Interrupt Type 16 listed. 
ESC Opcode Exception Descrip- 
tion 
Note added concerning ESC trap. 
Oscillator Configurations 
Deleted drive of X2 with inverted X1. 
RESET Logic 
Deleted paragraph concerning setup times for synchronization of multiple 
processors. 
Added description of HLDA when a refresh cycle is pending. 
Added description of pullup devices for appropriate pins. 
Added reminder to initialize transfer count registers and pointer registers. 
Added reminder to intialize count registers. 
Refresh address counter described in figure. 


VIH2indicated for SRDY, ARDY. Icc (max.) now indicated for all devices. 
Typical tee indicated. 


Input VIHtest condition at X1 added. TClDOX,TCVCTV,TCVCTX,TClHAV,and 
TCllV minimums reduced from 5 ns to 3 ns. TClCH (min.) and TCHCl (min.) 
relaxed by 2 ns. Added reminder that TSAYCl and TClSAY must be met. 


Explanation of the A.C. Symbols New Section. 
Major Cycle Timing Waveforms 
TDXDl indicated in Read Cycle. TClAO indicated. 
Rise/Fall and Capacitive Derat- 
ing Curves 
Instruction Set Summary 


Local Bus Arbitration 
Local Bus Controller and Reset 
DMA Controller 
Timers 
DRAM Refresh Addresses 
D.C.Characteristics 
Power Supply Current 
A.C. Characteristics 


New Figures added. 
ESC instruction clock count deleted. 
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80C186 


The sections 
significantly 
revised 
since 
version 
-001 are: 


Pin Description 
Table 


Oscillator 
Configurations 


DMA Transfer 
Rate Table 


DMA Control 
Bit Descriptions 


Interrupt 
Controller, 
etc. 


Interrupt 
Request 
Register 


DRAM Refresh Addresses 


A.C. Characteristics 


Execution 
Timings 


Noted RES to be low more than 4 clocks. 


Added 
reminder 
not to drive X2. 


Corrected 
to reflect 
16 MHz capability. 


Moved and clarified 
note concerning 
TC condition 
for ST /STOP 
clearing 
dur- 


ing unsynchronized 
transfers. 


Renamed 
iRMX Mode to Slave Mode. 


Noted that DO and 01 are read/write, 
others 
read-only. 


Added figure to explain 
refresh 
address 
bits. 


Many timings 
changed 
(all listed 
in ns): TCLDX (min.) from 
8 to 5; TSRVCL 
(min.) from 20 to 15; THVCL (min.) from 20 to 15; TINVCH (min.) from 25 to 15; 
TINVCL (min.) from 20 to 15; TCLAY at 12.5 MHz from 4-33 
to 5-36; 
TCLAVat 
16 MHz from 4-30 
to 5-33; 
TCLAX (min.) to 0; TCLOV (min.) at 10 MHz from 


10 to 5; TCLDV (min.) at 12.5 MHz from 
10-33 
to 5-36; 
TCLDV (min.) 
at 
16 MHz from 
10-30 
to 5-33; 
TCLDOX (min.) from 
10 at 10 MHz and 8 at 
12.5 MHz to 5 at both 
frequencies; 
TCVCTV (max.) 
and TCHCTV (max.) 
at 
16 MHz from 
25 to 31; TCHCTV (min.) and TCVDEX (min.) both from 
10 at 
10 MHz and 8 at 12.5 MHz to 5 at both frequencies; 
TCVCTX(max.) at 16 MHz 
from 25 to 33; TCLRL at 10 MHz from 
10-56 
to 5-44; 
TCLRL at 12.5 MHz 
from 8-47 
to 5-35; 
TCLRL (max.) at 16 MHz from 25 to 31; TCLRH (min.) at 


10 MHz from 
10 to 5 and at 12.5 MHz from 8 to 5; TCHSV (min.) at 10 MHz 
from 10 to 5 and at 12.5 MHz from 8 to 5; TCHSV (max.) at 16 MHz from 25 to 
31; TCLSH (min.) at 10 MHz from 10 to 5 and at 12.5 MHz from 8 to 5; TCHQSV 
(max.) at 12.5 MHz from 23 to 28 and at 16 MHz from 23 to 25; TCHDX (min.) 
at 10 MHz from 10 to 5 and at 12.5 MHz from 8 to 5; TAVCH (min.) to 0; TCLLV 
(max.) at 10 MHz from 60 to 45 and at 12.5 MHz from 55 to 40 and at 16 MHz 
from 40 to 35; TDXDL (min.) to 0; TCXCSX(min.) from 35 at 10 MHz and 29 at 
12.5 MHz and 25 at 16 MHz to TCLCH - 
10 at all frequencies; 
TCHCSX (min.) 
at 12.5 MHz and 16 MHz from 4-23 
to 5-28 
and 5-23 
respectively. 


Clarified 
effect 
of bus width. 


SPECIFICATION 
LEVEL MARKINGS 


Current 80C186 
devices 
bear backside 
lot code information 
consisting 
of seven digits followed 
by letters. The 
second, 
third, and fourth digits comprise 
a manufacturing 
date code. This preliminary 
data sheet applies 
only 


to 80C186 
devices 
with a date code corresponding 
to week 25 of 1989 (backside 
markings 
x925xxx 
XXX) or 


later. 
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80C186EB-16, -13, -8 
16-BIT HIGH-INTEGRATION 
EMBEDDED PR()CESSOR 


• Full Static Operation 
• True CMOSInputs and Outputs 
• - 40°Cto +85°COperating Temperature Range 


_ Integrated Feature Set 
_ Low-Power Operating Modes: 
- 
Low-Power Static CPUCore 
-Idle 
Mode Freezes CPUClocks but 
- 
Two Independent UARTseach with 
keeps Peripherals Active 
an Integral Baud Rate Generator 
- 
Powerdown Mode FreezesAll 
- 
Two 8-Bit Multiplexed I/O Ports 
Internal Clocks 
- 
Programmable Interrupt Controller 
_ Complete System Development 
- 
Three Programmable 16-Bit 
Support 
Timer/Counters 
-ASM86 
Assembler, PL/M 86, Pascal 
- 
Clpck Generator 
86, Fortran 86, C-86,and System 
- 
Ten Programmable Chip Selects with 
Utilities 
Integral Wait-State Generator 
"';"In-Clrcuit Emulator (ICETM-186EB) 
- 
Memory Refresh Control Unit 
- 
System Level Testing Support 
- 
Supports -80C187Numeric Coprocessor 
(ONCETMMode) 
Interface (N80C186EBOnly) 


_ Direct Addressing Capability to 1 Mbyte 
_ Available In: 
Memory and 64 Kbyte I/O 
- 
80-PinQuad Flat Pack (S80C186EB) 
- 
84-PinPlastic Leaded Chip Carrier 
- 
Speed Versions Available: 
(N80C186EB) 
-16 
MHz (80C186EB-16) 
-13 
MHz(80C186EB-13) 
- 
8 MHz(80C186EB-8) 


The 80C186EB 
is a second 
generation 
CHMOS 
High-Integration 
microprocessor. 
It has features 
that are new 
to the 80C186 family and include a STATIC CPU core, an enhanced 
Chip Select decode 
unit, two independent 
Serial Channels, 
1/0 ports, and the capability 
of Idle or Powerdown 
low power modes. 


I 


.. \ 
270803-37 
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Figure 
1. 80C186EB 
Block 
Diagram 
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consume little current. 


Space critical applications benefit from the inte- 
gration of commonly used system peripherals. Two 
serial channels are provided for services such as 
diagnostics, inter-processor communication, modem 
interface, terminal display interface, and many oth- 
ers. A flexible chip select unit simplifies memory and 
peripheral interfacing. The interrupt unit provides 
sources for up to 129 external interrupts and will pri- 
oritize these interrupts with those generated from 
the on-chip peripherals. Three general purpose tim- 
er/counters and six1een multiplexed I/O port pins 
round out the feature set of the 80C186EB. 


OVERVIEW 


Figure 1 shows a block diagram of the 80C186EB. 
The Execution Unit (EU) is an enhanced 8086 CPU 
core that includes: dedicated hardware to speed up 
effective address calculations, enhance execution 
speed for multiple-bit shin and rotate instructions 
and for multiply and divide instructions, string move 
instructions that operate at full bus bandwidth, ten 
new instruction, and full Static operation. The Bus 
Interface Unit (BIU) is the same"as that found on the 
original 186 family products, except the queue- 
status mode has been deleted and buffer interface 
control has been changed to ease system design 
timings. An independent internal bus is used to allow 
communication between the BIU and internal periph- 
erals. 


also be used to determine'offset addresses ot'oper- 
ands in memory. These registers may contain base 
addresses or indexes to particular locations within a 
segment. The addressing mode selects the specific 
registers for operand and address calculations. 


Another four 16-bit registers (CS, DS, ES, SS) select 
the segments of memory that are immediately ad- 
dressable for code, stack, and data. There are two 
remaining special purpose re'gisters (IP and F) that 
record or alter certain aspects of the 80C186EB 
processor state. 


15 
o 


AH 
AL 


BH 
BL 


CH 
CL 


OH 
DL 


Source 
Index 


Destination 
Index 


Base Pointer 


Stack 
Pointer 


Code Segment 
~ 
Stack 
Segment 


Data Segment 


Extra Segment 


Instruction 
Pointer ==:J 


Flags 
==:J 


AX 


BX 


CX 


, OX 


SI 


01 


BP 


SP 


cs 


SS 


OS 


ES 


IP 


F 


Figure 2_ 80C186EElI 
Register 
Set 
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INSTRUCTION 
SET 
Table 1. Segment 
Register 
Selection 
Rules 


The instruction set is divided into seven categories: 
data transfer, arithmetic, shift/rotate/logical, 
string 
manipulation, control transfer, 
high-level instruc- 
tions, and processor control. These categories are 
summarized in Figure 4. 


An 80C186EB instruction can reference anywhere 
from zero to several operands. An operand can 
reside in a register, in the instruction itself, or in 
memory. 


MEMORY 
ORGANIZATION 


Memory is organized in sets of segments. Each seg- 
ment is a linear contiguous sequence of up to 64K 
(216)8-bit bytes. Memory is addressed using a two- 
component address (a pointer) that consists of a 
16-bit base segment and a 16-bit offset. The 16-bit 
base segment values are contained in one of four 
internal segment.registers (code, data stack, extra). 
The physical address is calculated by shifting the 
base value left by four bits and adding the 16-bit 
offset value to yield a 20-bit physical address (see 
Figure 3). A 20cbit address allows for a 1 MByte ad- 
dress size. 


2!:!!!l!![!:..i.!!!!li{~1 ~2~3~4::J 
SEGI.IENT 
r 
BASE 
r-----~--, 
0 


OFFSET 


PHYSICAL ADDRESS 


o 
TO I.IEI.IORY 
270803-2 


Figure 3. Two Component 
Address 


All instructions that address operands in memory 
must specify the base segment and the 16-bit offset 
value; For speed and compact instruction encoding, 
the segment register used for a physical address 
generation is implied by the addressing mode used 
(see Table 1). Special segment override instruction 
prefixes allow the implicit segment register selection 
rules to be overridden for special cases. The stack, 
data, and extra segments may coincide for simple 
programs. 


Memory 
Segment 
Implicit Segment 
Reference 
Register 
Selection 
Rule 
Needed 
Used 


Instructions Code (CS) Instruction prefetch and 
immediate data 


Stack 
Stack (SS) All stack pushes and pops; 


any memory references 
which use the BP register 
asa base 


External 
Extra (ES) All String instruction 
references which use the 
01register as an index 


Local Data 
Data (OS) All other data references 


ADDRESSING 
MODES 


The 80C186EB provides eight categories of ad- 
dressing modes to specify operands. Two address- 
ing modes are provided for instructions that operate 
on register or immediate operands: 


• 
Register 
Operand 
Mode: The operand is located 
in one of the 8- or 16-bit general registers. 


• 
Immediate 
Operand 
Mode: 
The operand is in- 
cluded in the instruction. 


Six modes are provided to specify the location of Sin 
operand in a memory segment. A·memory operand 
address consists of two 16-bit components: a ssq- 
ment base and an offset. The segment base is sup- 
plied by a 16-bit segment register either implicitly 
chosen by the addressing mode or explicitly chosen 
by a segment override prefix. The offset, also called 
the effective address, is calculated by summing any 
combination of the following three address e113- 
ments: 


• the displacement 
(an 8- or 16-bit immediate value 
contained in the instruction); 


• the base (contents of either the BX or BP base 
registers); and 
• the index (contents of either the SI or 01 index 
registers). 
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GENERAL 
PURPOSE 


MOV 
PUSH 
POP 
PUSHA 
POPA 
XCHG 
XLAT 


INPUT IOUTPUT 


IN 
OUT 


ADDRESS 
OBJECT 


LEA 
LDS 
LES 


FLAG TRANSFER 


LAHF 
SAHF 
PUSHF 
POPF 


ADDITION 


ADD 
INC 
AAA 
DAA 


SUBSTRACTION 


SUB 
SBB 
DEC 
NEG 
CMP 
AAS 
DAS 


MULTIPLICATION 


MUL 
IMUL 
AAM' 


DIVISION 
NO OPERATION 


DIV 
NOP 
IDIV 
AAD 
HIGH LEVEL INSTRUCTIONS 


CBW 
CWD 
ENTER 
LEAVE 
STRING 
OPERATIONS 
BOUND 


MOVS 
CONDITIONAL 
TRANSFERS 


INS 
OUTS 
JAlJNBE 
CMPS 
JAE/JNB 
SCAS 
JB/JNAE 
LOOS 
JBE/JNA 
STOS 
JC 
REP 
JE/JZ 
REPE/REPZ 
JG/JNLE 
REPNE/REPNZ 
JGE/JNL 
JLlJNGE 
LOGICALS 
JLE/JNG 
JNC 
NOT 
JNE/JNZ 
AND 
JNO 
OR 
JNP/JPO 
XOR 
JNS 
TEST 
JO 
JP/JPE 


SHIFTS 
JS 


SHL/SAL 
UNCONDITIONAL 
TRANSFERS 


SHR 
SAR 
CALL 
RET 
ROTATES 
JMP 


ROL 
ITERATION 
CONTROLS 
ROR 
RCL 
LOOP 
RCR 
LOOPE/LOOPZ 
LOOPNE/LOOPNZ 
FLAG OPERATIONS 
JCXZ 


STC 
INTERRUPTS 
CLC 
CMC 
INT 
STD 
INTO 
CLD 
IRET 
STI 
CLI 


EXTERNAL 
SYNCHRONIZATION 


HLT 
WAIT 
LOCK 


Figure 4. 80C186EB 
Instruction 
Set 
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• 
Indexed 
Mode: The operand's offset is the sum 
of an 8- or 16-bit displacement and the contents 
of an index register (SI or 01). 


• 
Based Indexed Mode: The operand's offset is the 
sum of the contents of a base register and an 
index register. 


• 
Based Indexed Mode with Displacement: 
The op- 
erand's offset is the sum of a base register's con- 
tents, an index register's contents, and an 8- or 
16-bit displacement. 


DATA TYPES 


The 80C186EB directly supports the following data 
types: 


• 
Integer: A signed binary numeric value contained 
in an 8-bit byte or 16-bit word. All operations as- 
sume a 2's complement representation. Signed 
32- and 64-bit integers are supported using the 
80C187 Numerics Coprocessor. 


• 
Ordinal: 
An unsigned binary numeric value con- 
tained in an 8-bit byte or 16-bit word. 


• 
Pointer: A 16- or 32-bit quantity, composed of a 
16-bit offset component, or a 16-bit segment 
base component and a 16-bit offset component. 


• 
String: A contiguous sequence of bytes or words. 
A string may contain from 1 Kbyte to 64 Kbytes. 


• ASCII: A byte representation of alphanumeric and 
control characters using the ASCII standard of 
char~cter representation. 


• 
BCD: A byte (unpacked) representation of the 
decimal digits 0-9. 


. - 
" 
chine state (F) are saved on the stack to allow re- 
sumption of the interrupted program. Interrupts fall 
into three classes: hardware initiated, software (pro- 
gram) initiated, and instruction exception initiated. 
Hardware initiated interrupts occur in response to an 
external or internal input and are classified as non- 
maskable or maskable. 


Programs may cause an interrupt by executing the 
"INT" instruction. Instruction exceptions occur when 
an illegal opcode has been fetched into the queue 
and is read by the execution unit. Another type of 
exception can be generated when executing an 
"ESC" instruction. 


For all cases except the "ESC" exception, the return 
address from an exception will point at the instruc- 
tion immediately following the instruction causing 
the exception. The return address after an "ESC" 
exception will point back to the ESC instruction 
causing the exception, or to the segment override 
prefix immediately preceding the ESC instruction if 
the prefix was present. 


A table containing up to 256 pointers defines the 
proper interrupt service routine for each interrupt. In- 
terrupts 0-31 are reserved by Intel. Table 2 shows 
the 80C186EB predefined type and default priority 
levels. For each interrupt, an 8-bit vector (Vector 
Type) identifies the appropriate table entry. Multiply- 
ing the 8-bit vector by 4 defines the vector address. 
INT instructions contain or imply the vector type and 
allow access to all 256 interrupts. 
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Timer 0 Interrupt 
8 
20H 
2 


Reserved 
• 
9-11 
24H-2CH 


INTO Interrupt 
12 
30H 
5 


INT1 Interrupt 
13 
34H 
6 


INT2 Interrupt 
14 
38H 
7 


INT3 Interrupt 
15 
3CH 
8 


Numerics 
Exception 
16 
40H 
1 
ESC OP-Codes 


INT41nterrupt 
17 
44H 
4 


Timer1 Interrupt 
18 
48H 
2A 


Timer2 Interrupt 
19 
4CH 
28 


UART 0 Receive 
Interrupt 
20 
50H 
3 


UART 0 Transmit 
Interrupt 
21 
54H 
3A 


Reserved 
22-31 
58H-7CH 
, 
, r 
.' 
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BUS INTERFACE 
UNIT 
CLOCK 
GENERATOR 


The 
80C186EB 
core 
incorporates 
a bus controller 


that generates 
local bus control 
signals. 
In addition, 


it employs 
a HOLD/HLDA 
protocol 
to share the local 
bus with other bus masters. 


The bus controller 
is responsible 
for generating 
20 
bits of address, 
read 
and write 
strobes, 
bus cycle 
status information, 
and data (for write operations) 
in- 


formation. 
It is also responsible 
for reading 
data off 


the local bus during a read operation. 
A ready input 
pin is provided 
to extend 
a bus cycle 
beyond 
the 
minimum 
four states 
(clocks). 


A HOLD/HLDA 
protocol 
is provided 
by the local bus 
controller 
to allow multiple 
bus masters to share the 
same 
local 
bus. When 
the 80C186EB 
relinquishes 
control 
of the local bus, it floats 
certain 
bus control 
signals 
to allow 
another 
bus master 
to drive these 
pins directly. 
Refer to the Pin Description 
section 
to 
determine 
which pins the 80C186EB 
will float during 
a HOLD/HLDA 
bus exchange. 


The 80C186EB 
local bus controller 
also generates 
two control 
signals 
(DEN and DTlA) when interfac- 
ing to 
external 
transceiver 
chips. 
(Both 
DEN 
and 
DTlA are available 
on the N80C186EB 
device, 
only 
DEN is available 
on the S80C186EB 
device.) 
This 
capability 
allows the addition 
of transceivers 
for sim- 
ple buffering 
of the mulitplexed 
address/data bus. 


r-~ 
•.•...-oi CLKIN 


+--f--oi 
OSCOUT 


80Cl86EB 
L, 
Not. 
I 
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(A) Crystal 
Connection 


NOTE: 
The L,e, network is only required when using a third- 
overtone crystal. 


The 80C186EB 
provides 
an on-chip 
clock generator 
for both internal 
and external 
clock 
generation. 
The 
clock generator 
features 
a crystal oscillator, 
a divide- 


by-two 
counter·, 
and 
two 
low-power 
operating 
modes. 


The oscillator 
circuit is designed 
to be used with ei-' 


ther a parallel 
resonant 
fundamental 
or third-over- 


tone mode crystal network. 
Alternatively, 
the oscilla- 


tor 
circuit 
may 
be 
driven 
from 
an 
external 
clock 


source. 
Figure 5 shows the various operating 
modes 
of the 80C186EB 
oscillator 
circuit. 


The crystal or clock frequency 
chosen 
must be twice 
the required 
processor 
operating 
frequency 
due to 
the 
internal 
divide-by-two 
counter. 
This 
counter 
is 
used to drive all internal 
phase clocks 
and the exter- 
nal CLKOUT 
signal. 
CLKOUT 
is a 50% 
duty cycle 
processor 
clock and can be used to drive other sys- 


tem components. 
All A.C. timings 
are referenced 
to 
CLKOUT. 


The following 
parameters 
are recommended 
when 


choosing 
a crystal: 


Temperature 
Range: 
Application 
Specific 


ESR (Equivalent 
Series Resistance): 
400 
max 


CO (Shunt Capacitance 
of Crystal): 
7.0 pF max 


C1 (Load Capacitance): 
20 pF ± 2 pF 
Drive Level: 
1 mW max 


I[!Ex~t::.r~n~al~c~loe~k~s~ou~r~c.:>_---~CLKIN 


N.C. - 
OSCOUT 


80CI86EB 
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(B) Clock 
Connection 


Figure 
5. 80C186EB 
Clock 
Configurations 
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80C186EB 
Peripheral Architecture 


The 80C186EB has integrated several common sys- 
tem peripherals with a CPU core to create a com- 
pact, yet powerful system. The integrated peripher- 
als are designed to be flexible and provide logical 
interconnections between supporting units (e.g., the 
interrupt control unit supports interrupt requests 
from the timer/counters or serial channels). 


The list of integrated peripherals include: 


• 7-Input Interrupt Control Unit 
• 3-Channel Timer/Counter Unit 
• 2-Channel Serial Communications Unit 


• 10-0utput Chip-Select Unit 
• I/O Port Unit 
• Refresh Control Unit 
• Power Management Unit 


The registers associated with each integrated peri- 
heral are contained within a 128 x 16 register file 
called the Peripheral Control Block (PCB). The PCB 
can be located in either memory or I/O space on 
any 256 Byte address boundary. During bus cycles 
that access the PCB, the bus controller will signal 
the operation externally (Le., the RD, WR, status, 
address, data, etc., lines will be driven as in a normal 
bus cycle). However, READY is ignored and the con- 
tents of the data bus during a read operation is ig- 
nored. 


The address of the PCB can overlap any of the 
memory or I/O regions programmed into the Chip 
Select Unit. In this case, the overlapped chip select 
will not go active when the PCB is read or written. 


Figure 6 provides a list of the registers associated 
with the PCB. The Register Bit Summary individually 
lists all of the registers and identifies each of their 
programming attributes. 


INTERRUPT 
CONTROL 
UNIT 


The 80C186EB can receive interrupts from a num- 
ber of sources, both internal and external. The inter- 
rupt control unit serves to merge these requests on 
a priority basis, for individual service by the CPU. 
Each interrupt source can be independently masked 
by the Interrupt Control Unit (ICU) or all interrupts 
can be globally masked by the CPU. 


Internal interrupt sources include the Timers and Se- 
rial channel O. External interrupt sources come from 
the five input pins INT4:0. The NMI interrupt pin is 
not controlled by the ICU and is passed directly to 
the CPU. Although the Timer and Serial channel 
each have only one request input to the ICU, sepa- 
rate vector types are generated to service individual 
interrupts within the Timer and Serial channel units. 


The 80C186EB ICU provides a mechanism for ex- 
panding the number of external interrupt sources. 
Two pairs of pins can be independently configured 
to support an external slave interrupt controller 
(82C59A). Each pair of external pins can be expand- 
ed to support 64 interrupts, making it possible for the 
80C186EB to support a total of 129 external inter- 
rupts. 


The ICU may be used in a polled mode if interrupts 
are undesirable. When polling, the processor dis- 
ables interrupts and then polls the ICUwhenever it is 
convenient. 


TIMER/COUNTER 
UNIT 


The 80C186EB Timer/Counter Unit (TCU) provides 
three 16-bit programmable timers. Two of these are 
highly flexible and are connected to external pins for 
control or clocking. A third timer is not connected to 
any external pins and can only be clocked internally. 
However, it can be used to clock the other two timer 
channels. The TCU can be used to count external 
events, time external events, generate non-repeti- 
tive waveforms, generate timed interrupts. etc. 


Each timer has at least one 16-bit compare register 
and one 16-bit count register. Timers 0 and 1 each 
have an additional 16-bit compare register. The 
count register is incremented every fourth CPU clock 
cycle (internal clocking), every time Timer2 expires 
(Timers 0 and 1 only), or every Low-to-High tran- 
sition on the timer input pin (Timers 0 and 1 only). 
The input clock to Timers 0 and 1 must not exceed 
one 
fourth 
the 
operating 
frequency 
of 
the 
80C186EB. When the count register matches the 
value programmed into the compare register, sever- 
al operations may happen. 


All three timers can generate an interrupt when the 
compare register matches the value in the count 
register. Additionally, Timers 0 and 1 have an output 
pin that can Change state or pulse when the com- 
pare condition occurs. 
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PCS 
Function 
Offset 


OOH 
Reserved 


02H 
End Of Interrupt 


04H 
Poll 


06H 
Poll Status 


08H 
Interrupt Mask 


OAH 
Priority Mask 


OCH 
In-Service 


OEH 
Interrupt Request 


10H 
Interrupt Status 


12H 
Timer Control 


14H 
Serial Control 


16H 
INT4 Control 


18H 
INTOControl 


1AH 
INT1 Control 


1CH 
INT2 Control 


1EH 
INT3 Control 


20H 
Reserved 


22H 
Reserved 


24H 
Reserved 


26H 
Reserved 


28H 
Reserved 


2AH 
Reserved 


2CH 
Reserved 


2EH 
Reserved 


30H 
TimerO Count 


32H 
TimerO Compare A 


34H 
TimerO Compare B 


36H 
TimerO Control 


38H 
Timer1 Count 


3AH 
Timer1 Compare A 


3CH 
Timer1 Compare B 


3EH 
Timer1 Control 


PCS 
Function 
Offset 


40H 
Timer2 Count 


42H 
Timer2 Compare 


44H 
Reserved 


46H 
Timer2 Control 


48H 
Reserved 


4AH 
Reserved 


4CH 
Reserved 


4EH 
Reserved 


50H 
Reserved 


52H 
PortO Pin 


54H 
PortO Control 


56H 
PortO Latch 


58H 
Port1 Direction 


5AH 
Port1 Pin 


5CH 
Port1 Control 


5EH 
Port1 Latch 


60H 
SerialO Baud 


62H 
SerialO Count 


64H 
SerialO Control 


66H 
SerialO Status 


68H 
SerialO RBUF 


6AH 
SerialO TBUF 


6CH 
Reserved 


6EH 
Reserved 


70H 
Serial1 Baud 


72H 
Serial1 Count 


74H 
Serial1 Control 


76H 
Serial1 Status 


78H 
Serial1 RBUF 


7AH 
Serial1 TBUF 


7CH 
Reserved 


7EH 
Reserved 


PCS 
Function 
Offset 


80H 
GCSO Start 


82H 
GCSO Stop 


84H 
GCS1 Start 


86H 
GCS1 Stop 


88H 
GCS2 Start 


8AH 
GCS2 Stop 


8CH 
GCS3 Start 


8EH 
GCS3 Stop 


90H 
GCS4 Start 


92H 
GCS4Stop 


94H 
GCS5 Start 


96H 
GCS5Stop 


98H 
GCS6 Start 


9AH 
GCS6 Stop 


9CH 
GCS7 Start 


9EH 
GCS7 Stop 


AOH 
LCS Start 


A2H 
LCSStop 


MH 
UCSStart 


A6H 
UCSStop 


A8H 
Relocation 


AAH 
Reserved 


ACH 
Reserved 


AEH 
Reserved 


BOH 
Refresh Base 


B2H 
Refresh Time 


B4H 
Refresh Control 


B6H 
Refresh Address 


B8H 
Power Control 


BAH 
Reserved 


BCH 
Step ID 


BEH 
Reserved 


PCS 
Function 
Offset 


COH 
Reserved 


C2H 
Reserved 


C4H 
Reserved 


C6H 
Reserved 


C8H 
Reserved 


CAH 
Reserved 


CCH 
Reserved 


CEH 
Reserved 


DOH 
Reserved 


D2H 
Reserved 


D4H 
Reserved 


D6H 
Reserved 


D8H 
Reserved 


DAH 
Reserved 


DCH 
Reserved 


DEH 
Reserved 


EOH 
Reserved 


E2H 
Reserved 


E4H 
Reserved 


E6H 
Reserved 


E8H 
Reserved 


EAH 
Reserved 


ECH 
Reserved 


EEH 
Reserved 


FOH 
Reserved 


F2H 
Reserved 


F4H 
Reserved 


F6H 
Reserved 


F8H 
Reserved 


FAH 
Reserved 


FCH 
Reserved 


FEH 
Reserved 


Figure 6. 80C186EB 
Peripheral 
Control 
Block Registers 
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Other timer programming options include: 
• All three timers can be set to halt or continue 
after a compare match. 
• Timers 0 and 1 can be reset or retriggered using 
their respective input pins. 
• TCU registers can be read or written at any time. 


SERIAL 
COMMUNICATIONS 
UNIT 


The Serial Control Unit (SCU) of the 80C186EB con- 
tains two independent channels. Each channel is 
identical in operation except that only channel 0 is 
supported 
by the 
integrated 
interrupt controller 
(channel 1 has an external interrupt pin). Each chan- 
nel has its own baud rate generator that is indepen- 
dent of the Timer/Counter Unit, and can be internal- 
ly or externally clocked up to one half the BOC1B6EB 
operating frequency. 


Each serial channel supports one synchronous and 
four asynchronous modes of operation and is com- 
patible with the serial ports of the MCS@-51and 
MCS@-96family of products. Data field length can 
be 7-, B-, or 9-bits with optional odd or even parity 
(generated and checked) and one stop bit (generat- 
ed and checked). The 9-bit mode has an optional 
"addressing" feature to simplify interprocessor com- 
munication. Each serial port is doubled buffered in 
both transmit and receive operation (data can be 
read or written to a buffer register while data is shift- 
ed into or out of a shifting register, respectively). 


A Clear-To-Send input pin can be programmed to 
prevent data transmission if the pin is sampled inac- 
tive. Serial channel 0 is supported by the integrated 
interrupt controller, providing separate receive and 
transmit vector types. Serial channel 1 has an exter- 
nal interrupt pin which OR's the receive and transmit 
interrupts. This external interrupt pin can be routed 
to either the external pins of the ICU, the NMI pin, or 
any other external system interrupt controller. Status 
bits are provided to allow polling of the serial chan- 
nels if interrupts are not desired. 


Independent baud rate generators are provided for 
each of the serial channels. For the asynchronous 
modes, the generator supplies an Bx baud clock to 
both the receive and transmit register logic. A 1x 
baud clock is provided in the synchronous mode. 


Additional features of the SCU include: 
• Framing error, receive buffer overrun error, and 
parity error detection. 


• Break detect. 


• Break send. 


CHIP-SELECT 
UNIT 


The BOC1B6EB Chip-Select Unit (CSU) integrates 
logic which provides up to ten programmable chip- 
selects to access both memories and peripherals. In 
addition, each chip-select can be programmed to 
automatically insert additional clocks (wait-states) 
into the current bus cycle and automatically termi- 
nate a bus cycle independent of the condition of the 
ready input pin. 


Each of the chip-selects can be programmed to go 
active for either memory or I/O accesses. UCS is 
the only chip-select that is active after a reset and is 
enabled 
for 
memory 
addresses 
in 
the 
range 
OFFCOOHto OFFFFFH (this allows a boot-ROM to 
be accessed using UCS). Every chip-select has a 
programmable start and stop register that defines 
the active region for the chip-select, and the ready 
characteristics for the region. 


The start and stop address fields are 10 bits in 
length and are matched against the upper 10 bits of 
either the memory or I/O address. A 10-bit compare 
results in a granularity of 1 Kbytes for memory ac- 
cesses and 64 bytes for I/O accesses. Each chip 
select can be disabled by programming its start ad- 
dress greater than its stop address or by clearing its 
enable bit. 


Each chip-select can be programmed to automati- 
cally insert wait-states, and to control whether the 
external ready input is to be ignored or used. The 
BOC1B6EB bus controller will wait the programmed 
number of wait-states before the external ready pin 
can be used to extend or terminate the bus cycle. 


Overlapping of chip-selects is allowed. However, 
each one that overlaps will go active. If any overlap- 
ping chip-select has been programmed to use exter- 
nal ready, the bus control unit will insert the least 
amount of programmed wait-states programmed be- . 
fore the external ready pin is used. If all overlapped 
chip-selects ignore external ready, the bus controller 
will insert the maximum number of programmed 
wait-states. Any chip-select that overlaps the Periph- 
eral Control Block (PCB) will not go active for that 
portion of the address range allocated to the PCB. 
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The Generic Chip-Selects (GCS7:0) are multiplexed 
with an output only Port function. Any channel that is 
being used as a chip-select must be disabled as a 
port pin by correctly programming the port pin con- 
trol registers (see the following section). 


1/0 PORT 
UNIT 


The 1/0 Port Unit (IPU) on the 80C186EB supports 
two 8-bit channels of input, output, or input! output 
operation. Port 1 is multiplexed with the chip select 
pins and is output only. Most of Port 2 is multiplexed 
with the serial channel pins. Port 2 pins are limited to 
either an output or input function depending on the 
operation of the serial pin it is multiplexed with. 


Two bits of Port 2 are not multiplexed with any other 
peripheral functions and can be used as either an 
input or an output function. A port direction register 
is used to define the function of the port pin. The 
output for these two pins are open drain. 


Besides a direction register, each port channel has a 
data latch register, port pin register, and a port multi- 
plexer control register. 


REFRESH 
CONTROL 
UNIT 


The Refresh Control Unit (RCU) automatically gen- 
erates a periodic memory read bus cycle to keep 
dynamic or pseudo-static memory refreshed. A 9-bit 
counter controls the number of clocks between re- 
fresh requests. 


A 12-bit address generator is maintained by the RCU 
and is presented on the A12:1 address lines during 
the refresh bus cycle. The address generator is in- 
cremented only after the refresh bus cycle is run. 
This ensures that all address combinations will be 
presented to the memory array even if the refresh 
bus cycle is not run before another request is gener- 
ated. Address bits A19:13 are programmable to al- 
low the refresh address block to be located on any 8 
Kbyte boundary. 


The chip-select unit is active during refresh bus cy- 
cles. This means that a chip-select will go active if 
the refresh address is within the limits specified for 
the channel. In addition, BHE and AOare both driven 
high during refresh bus cycles (this is normally an 
invalid bus condition). Data on the AD15:0 bus is 
ignored. 


A pending refresh request will attempt to abort a 
HOLD/HLDA bus exchange. HLDA is deasserted 
when a refresh request is pending and a bus HOLD 
is already in progress. HOLD must then be released 
in order for the 80C186EB to execute the refresh 
bus cycle. 


POWER 
MANAGEMENT 
UNIT 


The 80C186EB Power Management Unit (PMU) is 
provided to control the power consumption of the 
device. The PMU provides three power modes: Ac- 
tive, Idle, and Powerdown. 


Active 
Mode 
indicates 
that 
all 
units 
on 
the 
80C186EB are functional and the device consumes 
maximum power (depending on the level of periph- 
eral operation). Idle Mode freezes' the clocks of the 
Execution and Bus units at a logic zero state (all 
peripherals continue to operate normally). An un- 
masked interrupt, NMI, or reset will cause the 
80C186EB to exit the Idle mode. 


The Powerdown mode freezes all internal clocks at 
a logic zero level and disables the crystal oscillator. 
All internal registers hold their values provided VCC 
is maintained. Current consumption is reduced to 
just transistor junction leakage. An NMI or processor 
reset will cause the 80C186EB to exit the Power- 
down Mode. A timing pin is provided to establish the 
length of time between exiting Powerdown and re- 
suming device operation. (Length of time depends 
on startup time of crystal oscillator and is application 
dependent.) 


80C187 Interface 


The 80C186EB (PLCC package only) supports the 
direct connection of the 80C187 Numerics Coproc- 
essor. 


ONCETM Test Mode 


To facilitate testing and inspection of devices when 
fixed into a target system, the 80C186EB has a test 
mode available which forces all output and input! 
output pins to be placed in the high-impedance 
state. ONCE stands for "ON Circuit Emulation". The 
ONCE mode is selected by forcing the A19/0NCE 
pin LOW (0) during a processor reset (this pin is 
weakly held to a HIGH (1) level) while RESIN is ac- 
tive. 
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PACKAGE 
INFORMATION 
Table 3. Pin Description 
Nomenclature 


This section 
describes 
the pins. pinouts, and thermal 
characteristics 
for 
the 
80C186EB 
in 
the 
Plastic 
Leaded Chip Carrier (PLCC) package 
and Quad Flat 
Pack (QFP) package. 
For complete 
package 
specifi- 
cations 
and 
information; 
see 
the 
Intel 
Packaging 
Outlines 
and 
Dimensions 
Guide 
(Order 
Number: 
231369). 


Pin Descriptions 


The 
80C186EB 
pins are described 
in this section. 
Table 
3 presents 
the legend 
for interpreting 
the pin 
descriptions 
in Table 4. Figure 7 provides 
an exam- 
ple pin description 
entry. The "1/0" 
signifies 
that the 
pins are bidirectional 
(i.e., have 
both 
an input 
and 
output function). 
The "S" 
indicates 
that, as an input, 
the signal is synchronized 
to CLKOUT 
for proper op- 
eration. 
The 
"H(Z)" 
indicates 
that 
these 
pins 
will 
float while the processor 
is in the Hold Acknowledge 
state. 
R(Z) indicates 
that these 
pins will float while 
RESIN is low. P(X) Indicates 
that these 
pins will re- 
tain 
its 
current 
value 
when 
Idle 
or 
Powerdown 
Modes 
are entered. 


All pins float while the processor 
is in the ONCETM 
M~a 
- 


Name 
Type 
Description 


AD15:0 
1/0 
These pins provide a multiplexed 
S(L) 
ADDRESS 
and DATA bus. During 
H(Z) 
the address phase of the bus 
R(Z) 
cycle, address bits 0 through 
15 
P(X) 
are presented 
on the bus and can 
be latched using ALE. 8- or 16-bit 
data information 
are transferred 
during the data phase of the bus 
cycle. 


Figure 7. Example 
Pin Description 
Entry 


Symbol 
Description 


I 
Input Only Pin 
0 
Output Only Pin 


1/0 
Pin can be either input or output 
- 
Pin "must 
be" connected 
as described 


S(..) 
Synchronous. 
Input must meet setup and 
hold times for proper operation 
of the 
processor. 
The pin is: 
S(E) edge sensitive 
S(L) level sensitive 


A( ..) 
Asynchronous. 
Input must meet setup and 
hold only to guarantee 
recognition. 
The 
pin is: 
A(E) edge sensitive 
A(L) level sensitive 


H(..) 
While the processor's 
bus is in the Hold 
Acknowledge 
state, the pin: 


H(1) is driven to VCC 
H(O) is driven to VSS 
H(Z) floats 
H(Q) remains active 
H(X) retains current state 


R(..) 
While the processor's 
RES line is low, the 
pin: 
R(1) is driven to vcc 
R(O) is driven to vss 
R(Z) floats 
R(WH) weak pullup 
R(WL) weak pulldown 


P(..) 
While Idle or Powerdown 
modes are 
active, the pin: 
P(Z) is driven to VCC 
P(O) is driven to vss 
P(Z) floats 
P(Q) remains active{l) 
P(X) retains current state 


NOTE: 
1. 
Any pin that specifies 
P{O) are valid for Idle 


Mode. All pins are P{X) for Powerdown 
Mode. 
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Table 3. 80C186EB 
Pin Descriptions 


Name 
Type 
Description 


VCC 
POWER connections 
consist of four pins which must be shorted 
externally 
to a vcc board plane. 


Vss 
GROUND 
connections 
consist of six pins which must be shorted 
externally 
to a vss board plane. 


CLKIN 
I 
CLock INput is an input for an external clock. An external oscillator 
A(E) 
operating 
at two times the required 80C186EB 
operating 
frequency 
can be connected 
to CLKIN. For crystal operation, 
CLKIN (along with 


OSCOUT) 
are the crystal connections 
to an internal 
Pierce oscillator. 


OSCOUT 
0 
OSCillator 
OUTput 
is only used when using a crystal to generate 
the 


H(O) 
external 
clock. OSCOUT 
(along with CLKIN) are the crystal 


R(O) 
connections 
to an internal 
Pierce oscillator. 
This pin is not to be used 


P(X) 
as 2X clock output for non-crystal 
applications 
(i.e., this pin is N.C. for 


non-crystal 
applications). 


CLKOUT 
0 
CLock OUTput 
provides a timing reference 
for inputs and outputs of 


H(O) 
the processor, 
and is one-half 
the input clock (CLKIN) frequency. 


R(O) 
CLKOUT 
has a 50% duty cycle and transistions 
every falling edge of 


P(1) 
CLKIN. 


RESIN 
I 
RESet IN causes the 80C186EB 
to immediately 
terminate 
any bus 
A(L) 
cycle in progress 
and assume an initialized 
state. All pins will be 
driven to a known state, and RESOUT will also be driven active. The 
rising edge (Iow-to-high) 
transition 
synchronizes 
CLKOUT with CLKIN 


before the 80C186EB 
begins fetching 
opcodes 
at memory location 
OFFFFOH. 


RESOUT 
0 
RESet OUTput that indicates 
the 80C186EB 
is currently 
in the reset 
H(O) 
state. RESOUT will remain active as long as RESIN remains active. 


R(1) 
P(O) 


PDTMR 
I/O 
Power-Down 
TIMeR pin (normally 
connected 
to an external 
A(L) 
capacitor) 
that determines 
the amount of time the 80C186EB 
waits 


H(WH) 
after an exit from power down before resuming 
normal operation. 
The 


R(Z) 
duration of time required will depend on the startup characteristics 
of 


P(WH) 
the crystal oscillator. 


NMI 
I 
Non-Maskable 
Interrupt 
input causes a TYPE-2 interrupt to be 
A(E) 
serviced 
by the CPU. NMI is latched internally. 


TEST/BUSY 
I 
TEST is used during the execution 
of the WAIT instruction 
to 
A(E) 
suspend CPU operation 
until the pin is sampled 
active (LOW). TEST 
is alternately 
known as BUSY when interfacing 
with an 80C187 
numerics 
eo processor. 


AD15:0 
I/O 
These pins provide a multiplexed 
ADDRESS 
and DATA bus. During 
S(L) 
the address phase of the bus cycle, address bits 0 through 
15 are 


H(Z) 
presented 
on the bus and can be latched using ALE. 8- or 16-bit data 


R(Z) 
information 
is transferred 
during the data phase of the bus cycle. 


P(X) 


A18:16 
These pins provide multiplexed 
ADDRESS 
during the address phase 
A19/0NCE 
H(Z) 
of the bus cycle. Address 
bits 16 through 
19 are presented 
on these 
R(WH) 
pins and can be latched using ALE. These pins are driven to a logic 0 


P(X) 
during the data phase of the bus cycle. During a processor 
reset 
(RESIN active), A19/0NCE 
is used to enable ONCE mode. A18:16 
must not be driven low during reset or improper 
80C186EB 
operation 


may result. 
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Table 3. 8OC186EB Pin Descriptions 
(Continued) 


Name 
Type 
Description 


S2:0 
0 
Bus cycle Status are encoded 
on these pins to provide bus transaction 


H(Z) 
information. 
52:0 are encoded 
as follows: 


R(1) 
S2 
Sl 
SO 
Bus Cycle Initiated 
P(l) 
0 
0 
0 
Interrupt Acknowledge 
0 
0 
1 
Read I/O 


.r 
. 
0 
1 
0 
Write I/O 
0 
1 
1 
Processor 
HALT 


, 
, 


1 
0 
0 
Queue Instruction 
Fetch 
1 
0 
1 
Read Memory 
1 
1 
0 
Write Memory 
1 
1 
1 
Passive (no bus activity) 


ALE 
0 
Address 
Latch Enable output is used to strobe address information 
into a 


H(O) 
transparent 
type latch during the address 
phase of the bus cycle. 


R(O) 
P(O) 


BHE 
0 
Byte High Enable output to indicate that the bus cycle in progress 
is 
H(Z) 
transferring 
data over the upper half of the data bus. BHE and AO have the 


R(Z) 
following 
logical encoding: 


P(X) 
AO 
BHE 
Encoding 
0 
0 
Word Transfer 


I' 
0 
1 
Even Byte Transfer 
1 
0 
Odd Byte Transfer 
1 
1 
Refresh Operation 


RD 
0 
ReaD output signals that the accessed 
memory or I/O device must drive 


., 
H(Z) 
data information 
onto the data bus. 


R(Z) 
P(l) 


WR 
0 
WRite output signals that data available 
on the data bus are to be written 


H(Z) 
into the accessed 
memory or I/O device. 


R(Z) 
P(l) 


READY 
I 
READY input to signal the completion 
of a bus cycle. READY must be 
A(l) 
active to terminate 
any 80C186EB 
bus cycle, unless it is ignored by 


Sell 
correctly 
programming 
the Chip-Select 
Unit. 


DEN 
0 
Data ENable output to control the enable of bi-directional 
transceivers 
H(Z) 
when buffering 
a 80C186EB 
system. DEN is active only when data is to be 


R(Z) 
transferred 
on the bus. 


P(l) 


DT/R 
0 
Data Transmit/Receive 
output controls 
the direction 
of a bi-directional 


H(Z) 
buffer when buffering 
an 80C186EB 
system. DT/A is only available 
for the 


R(Z) 
PlCC 
package 
(N80C186EB). 


P(X) 


lOCK 
I/O 
LOCK output indicates 
that the bus cycle in progress 
is not to be 
H(Z) 
interrupted, 
The 80C186EB 
will not service other bus requests 
(such as 


R(WH) 
HOLD) while LOCK is active. This pin is configured 
as a weakly held high 


P(1) 
input while RESIN is active and must not be driven low. 
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ERROR 
I 
ERROR input that indicates 
the last numerics 
coprocessor 
operation 
A(L) 
resulted 
in an exception 
condition. 
An interrupt TYPE 16 is generated 
if 
ERROR is sampled 
active at the beginning 
of a numerics 
operation. 
ERROR is not provided 
on the S80C186EB. 


PEREQ 
I 
Co Processor 
REQuest 
signals that a data transfer 
between 
an External 
A(L) 
Numerics 
Co processor 
and Memory is pending. 
PEREQ is not provided 
on 
the S80C186EB. 


UCS 
0 
Upper Chip Select will go active whenever 
the address of a memory or I/O 
H(1) 
bus cycle is within the address 
limitations 
programmed 
by the user. After 


R(1) 
reset, UCS is configured 
to be active for memory accesses 
between 


P(1) 
OFFCOOH and OFFFFFH. 
I' 


[CS 
0 
Lower Chip Select will go active whenever 
the address of a memory bus 
H(1) 
cycle is within the address 
limitations 
programmed 
by the user. LCS is 
I' 


R(1) 
inactive after a reset. 


P(1) 


P1.0/GCSO 
0 
These pins provide a multiplexed 
function. 
If enabled, 
each pin can provide 
P1.1/GCS1 
H(X)/H(1) 
a:Generic 
Chip Select output which will go active whenever 
the address of 


P1.2/GCS2 
R(1) 
a memory or I/O bus cycle is within the address limitations 
programmed 
by 


P1.3/GCS3 
P(X)/P(1) 
the user. When not programmed 
as a Chip-Select, 
each pin may be used as 


P1.4/GCS4 
a general purpose output Port. As an output port pin, the value of the pin 


P1.S/GCSS 
can be read internally. 


P1.6/GCS6 
P1.7/GCS7 


TOOUT 
0 
Timer OUTput 
pins can be programmed 
to provide a single clock or 
T10UT 
H(Q) 
continuous 
waveform 
generation, 
depending 
on the timer mode selected. 


R(1) 
P(Q) 


TOIN 
I 
Timer INput is used either as clock or control 
signals, depending 
on the 
T11N 
A(L) 
timer mode selected. 


A(E) 
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Table 
3. 80C186EB 
Pin Descriptions 
(Continued) 


Name 
Type 
Description 


INTO 
I 
Maskable 
INTerrupt 
input will cause a vector to a specific Type interrupt 
INT1 
A(E,L) 
routine. To allow interrupt expansion, 
INTO and/or 
INT1 can be used with 


INT4 
INTAO and INTA 1 to interface 
with an external 
slave controller. 


INT2/INTAO 
I/O 
These pins provide a multiplexed 
function. 
As inputs, they provide a 
INT3/INTA1 
A(E,L) 
maskable 
INTerrupt 
that will cause the CPU to vector to a specific Type 


/H(1) 
interrupt 
routine. As outputs, 
each is programmatically 
controlled 
to provide 


R(Z) 
an INTERRUPT 
ACKNOWLEDGE 
handshake 
signal to allow interrupt 


/P(1) 
expansion. 


I 


P2.7 
I/O 
BI-DIRECTIONAL, 
open-drain 
Port pins. 
P2.6 
A(L) 
H(X) 
R(Z) 
P(X) 


CTSO 
I 
Clear-To-Send 
input is used to prevent the transmission 
of serial data on 
P2.4/CTS1 
A(L) 
the TXD signal pin. CTS1 is multiplexed 
with an input only port function. 


TXDO 
0 
Transmit 
Data output provides 
serial data information. 
TXD1 is multiplexed 
P2.1/TXD1 
H(X)/H(Q) 
with an output only Port function. 
During synchronous 
serial 


R(1) 
communications, 
TXD will function 
as a clock output. 


P(X)/P(Q) 


RXDO 
I/O 
Receive 
Data input accepts 
serial data information. 
RXD1 is multiplexed 
P2.0/RXD1 
A(L) 
with an input only Port function. 
During synchronous 
serial communications, 


R(Z) 
RXD is bi-directional 
and will become 
an output for transmission 
or data 


H(Q) 
(TXD becomes 
the clock). 


P(X) 


P2.5/BCLKO 
I 
Baud CLocK 
input can be used as an alternate 
clock source for each of the 
P2.2/BCLK1 
A(L)/A(E) 
integrated 
serial channels. 
BCLKx is multiplexed 
with an input only Port 
function, 
and cannot exceed a clock rate greater than one-half 
the 
operating 
frequency 
of the 80C186EB. 


P2.3/SINT1 
0 
Serial 
INTerrupt 
output will go active to indicate serial channel 
1 requires 
H(X)/H(Q) 
service. SINT1 is multiplexed 
with an output only Port function. 


R(O) 
P(X)/P(Q) 
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80C186EB 
PINOUT 


Tables 
4 and 5 list the 80C186EB 
pin names 
with 
package 
location 
for the 84-pin Plastic Leaded Chip 
Carrier 
(PLCC) 
component. 
Figure 
7 depicts 
the 
complete 
80C186EB 
pinout 
(PLCC 
package). 
as 
viewed from the top side of the component' 
(i.e., con- 
tacts facing down). 


Addre •• /DaIa Bus 


Name 
Location 


ADO 
61 
AD1 
66 
AD2 
68 
AD3 
70 
AD4 
72 
AD5 
74 
AD6 
76 
AD7 
78 
AD8 
62 
AD9 
67 
AD10 
69 
AD11 
71 
AD12 
73 
AD13 
75 
AD14 
77 
AD15 
79 


A16 
80 
A17 
81 
A18 
82 
A19/0Ncr 
83 


Tables 
6 and 7 list the 80C186EB 
pin names 
with 


package 
location 
for 
the 
80-pin 
quad 
Flat 
Pack 


(OFP) 
component. 
.Figure 
8 depicts 
the 
complete 
8OC186EB 
(OFP package) 
as viewed 
from 
the top 
side of the component 
(i.e., contacts 
facing 
down). 


Table 4. PLCC Pin Name. 
with Package 
Location 


Bus Control 


Name 
Location 


ALE 
I 
6. 


BHE 
11 
7 


SO 
, 
10 
sr 
.! 
9 
S2 
8 
Fm 
. , 
4· 


WR 
5 


READY 
18 


DEN 
11 
DT/R 
I> 
16 


IT5CR 
\1 


15 


HOLD 
13 
HLDA 
12 
Vss 
2,22,43 
Vss 
63,65,84 


Proceasor Control 


Name 
Location 


,RESiN 
, 
37 
RESOUT 
38 


CLKIN 
41 
OSCOUT 
40 
CLKOUT 
44 


'fESf/BUSY 
14 


NCS 
60 
PEREQ 
39 
ERROO 
(3 


PDTMR 
36 


NMI 
17 
INTO 
31 
INn 
32 
INT2/mAO 
33 
INT3/JNfA1 
34 
INT4 
35 


Vcc 
1,23, 
Vcc 
42,64 
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I/O 


Name 
Location 


OCS 
il 
30 
[CS 
29 
P1.0/GCSO 
28 
P1.1/G® 
27 
P1.2/~ 
26 
P1.3/GCS3 
25 
P1.4/GCS4 
24 
P1.5/GCSS 
21 
P1.6/~ 
20 
P1.7/~ 
19 


TOOUT 
45 
TOIN 
46 
T10UT 
47 
T11N 
48 


RXDO 
53 
TXDO 
52 
P2.5/BCLKO 
54 
CTSO 
51 


P2.0/RXD1 
57 
P2.1/TXD1 
58 
P2.2/BCLK1 
59 
P2.3/SINT1 
55 
P2.4/CTS1 
56 


P2.6 
50 
P2.7 
49 


80C186EB 


Location 
Name 


1 
Vcc 
2 
Vss 
3 
ERRM 
4 
m:5 
5 
~ 
6 
ALE 
7 
m:l£ 


8 
Si 
9 
ST 
10 
SO 
11 
t5rn 
12 
HLDA 
13 
HOLD 
14 
~/BUSY 
15 
IT5CI< 
16 
DT/f{ 
17 
NMI 
, 


18 
READY 
19 
P1.7/~ 


20 
P1.6/~ 
21 
P1.5/~ 


Table 5. PLCC Package 
Locations 
with Pin Name 


Location 
Name 


22 
Vss 
23 
'Vcc 
24 
P1.4/~ 


25 
P1.3/~ 
26 
P1.2/~ 
27 
P1.1/ITCST 
28 
P1.0/~ 
29 
res 
30 
UCS 
31 
INTO 
32 
INT1 
33 
INT2/rnTAO 
34 
INT3/TiiiTAf 
35 
INT4 
36 
PDTMR 
37 
RE"SIN 
38 
RESOUT 
39 
PEREQ 
40 
OSCOUT 
41 
CLKIN 
42 
Vcc 


Location 
Name 


43 
Vss 
44 
CLKOUT 
45 
TOOUT 
46 
TOIN 
47 
T10UT 
4a 
T1IN 
T 
49 . 
P2.7 
50 
P2.6 
51 
CTSO 
52 
TXDO 
53 
RXDO 
54 
P2.5/BCLKO 
55 
P2.3/SINT1 
56 
P2.4/C'fST 
57 
P2.0/RXD1 
58 
P2.1/TXDl 
59 
P2.2/BCLK1 
60 
~ 
61 
ADO 
62 
AD8 
63 
Vss 
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Location 
Name 


64 
Vcc 
65 
Vss 
66 
AD1 
67 
AD9 
68 
AD2 
69 
AD10 
70 
AD3 
71 
AD11 
72 
AD4 
73 
AD12 
74 
AD5 
75 
AD13 
76 
AD6 
77 
AD14 
78 
AD7 
79 
AD15 
80 
A16 
81 
A17 
82 
A18 
83 
A19/0Na: 
84 
Vss 


I 


-_L 
r. ..=r 
_ 


P1.5/GCS5 


VSS 


VCC 


Pl.4/GCs4 


Pl.3/GCS3 


P1.2/GCS2 


P1.1/GCSl 


P1.0/GCSO 


LCS 


UCS 


INTO 


INT! 
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Figure 7. 84-Pln Plastic Leaded Chip Carrier Plnout Diagram 
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Vss 
vee 


vss 


ADS 


ADO 


NCS 


P2.2/BCLKl 


P2.1/TXDl 


P2.0/RXDl 


P2.4/CTSl 


P2.3/SINTI 


P2.5/BCLKO 
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I\Utl 
11 


DEN 
INTO 
62 
P1.6/GCS6 
51 


AD9 
16 
43 
INT1 
63 
P1.7/GCS7 
50 


AD10 
18 
LOCK 
47 
INT2/INTAO 
64 
TOOUT 
75 
AD11 
20 
HOLD 
45 
INT3/INTA1 
65 
To'lN 
76 
AD12 
22 
HLDA 
44 
INT4 
66 
T10UT 
77 
AD13 
24 
VCC 
13,34 
T11N 
78 
AD14 
26 
VCC 
54, 72 
RXDO 
3 
AD15 
28 
VSS 
12,14,33 
TXDO 
2 
A16 
29 
VSS 
35,53,73 
P2.5/BCLKO 
4 
A17 
30 
CTSO 
1 
A18 
31 
P2.0/RXD1 
7 
A19/0NCE 
32 
P2.1/TXD1 
8 


P2.2/BCLK1 
9 


P2.3/SINT1 
5 


P2.4/CTS1 
6 


P2.6 
80 


P2.7 
79 
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Table 7. QFP Package 
Location 
with Pin Names 


Location 
Name 


1 
CTSO 
2 
TXDO 
r. 


3 
RXDO 
4 
P2.5/SCLKO 
5 
P2.3/SINT1 
6 
P2.4/CTS1 


7 
P2.0/RXD1 
8 
P2.1/TXD1 
9 
P2.2/SCLK1 
10 
ADO 
11 
AD8 


12 
Vss 


13 
Vcc 
14 
Vss 
15 
AD1 


16 
AD9 


17 
AD2 


18 
AD10 
19 
AD3 
20 
AD11 


Location 
Name 
Location 
Name 
Location 
Name 


21 
AD4 
41 
Sf 
61 
1JCS 
22 . 
AD12 


'" 


42- 
SO 
62 
INTO 
23 
AD5 
43 
DEN 
I·,·· 
63 
INT1 
24 
AD13 
44 
HLDA 
64 
INT2/1NTAO 


25 
AD6 
45 
HOLD 
65 
INT3/1NTA1 


26 
AD14 
46 
TEST 
66 
INT4 
27 
AD7 
47 
LOCK 
67 
PDTMR 
28 
AD15 
48 
NMI 
68 
RESIN 
29 
A16 
49 
READY 
69 
RESOUT 
30 
A17 
50 
P1.7/GCS7 
70 
OSCOUT 
31 
A18 
51 
P1.6/GCS6 
71 
CLKIN 
32 
A19/0NCE 
52 
P1.5/GCS5 
72 
Vcc 
33 
Vss 
53 
Vss 
73 
Vss 
34 
Vcc 
54 
Vcc 
74 
CLKOUT 
35 
Vss 
55 
P1.4/GCS4 
75· 
TOOUT 
36 
RD 
56 
P1.3/GCS3 
76 
TOIN 
37 
WR 
57 
P1.2/GCS2 
77 
TlOUT 
38 
ALE 
58 
P1.1/GCS1 
78 
T11N 
39 
SHE 
59 
P1.0/GCSO 
79 
P2.7 
40 
52 
60 
[CS 
80 
P2.6 
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Vss 


vee 


vss 


A19/0NCE 


A18 


A17 


A16 


AD15 


AD7 


AD14 


AD6 


ent) with the following 
equation: 


Table 
8. Thermal 
Resistance 
(8CA) at Various 
Airflows 
(In ·C/Watt) 


Airflow 
ft/mln 
(m/sec) 


0 
200 
400 
600 
800 
1000 
(0) (1.01) (2.03) (3.04) (4.06) (5.07) 


18CA (PLCC) 
30 
24 
21 
19 
17 
16.5 


18CA (OFP) 
58 
47 
43 
40 
38 
36 


Table 
9. Maximum 
TA at Various 
Airflows 
(In ·C) 


Airflow 
ft/mln 
(m/sec) 


TF 
0 
200 
400 
600 
800 
1000 
--'-- (0) 
(1.01) (2.03) (3.04) (4.06) (5.07) 
(MHz) 


TA (PLCC) 
16 
91.5 
93.5 
94 
94.5 
95.5 
95.5 
26 
88.5 
91 
92 
92.5 
93.5 
93.5 
32 
85 
87.5 
89.5 
90.5 
91.5 
92 


TA (OFP) 
16 
98 
101 
102 
103 
103.5 
104 
26 
92 
96 
97.5 
99 
99.5 
100 
32 
85 
90.5 
92.5 
94 
95 
96 
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ELECTRICAL 
SPECIFICATIONS' 
NOTICE: 
This 
document 
contains 
information 
on 
products in the design phase of development. 
Do not 
finalize a design with this information. 
Revised infor- 
mation will be published when the product is avail- 
able. 


Absolute 
Maximum Ratings 


Parameter 
Maximum 
Rating 
• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 
These are stress ratings only. Operation 
beyond 
the 


"Operating 
Conditions" 
is not recommended 
and ex- 
tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Storage Temperature 
- 65·C to + 150·C 


Case Temp Under Bias 
-65·C 
to + 120·C 


Supply Voltage wrt Vss 
-0.5V 
to + 6.5V 


Voltage 
on other Pins 
wrt. Vss 
-0.5V 
to vcc + 0.5V 


The data present in this document 
are provided as a PREVIEW of expected 
device 
performance. 
Since Intel currently 
does not produce a product that complies with 
these specifications, 
this data sheet should not be used as the basis for a final 
design. 
Once 
information 
corresponding 
to an actual 
device 
is available, 
an 
ADVANCED 
INFORMATION 
data sheet will be published 
to supercede 
this docu- 


ment. 


OPERATING 
CONDITIONS 


Parameter 
Mln 
Max 
Units 


Supply Voltage 
4.5 
5.5 
V 


Input Clock Frequency 
80C186EB-16 
0 
32 
MHz 


80C186EB-13 
0 
26.08 
MHz 


80C186EB 
0 
16 
MHz 


Case Temperature 
Under Bias 
N80C186EB-XX 
(PLCC) 
-40 
+100 
·C 


S80C186EB-XX 
(QFP) 
-40 
+ 114 
·C 


Symbol 


Vcc 


Tc 


RECOMMENDED 
CONNECTIONS 


Power and ground 
connections 
must be made to multiple vcc and vss 
pins. Every 80C186EB-based 
circuit 


board should include separate 
power (Vcc) and ground (Vss) planes. Every Vcc pin must be connected 
to the 
power plane, and every Vss pin must be connected 
to the ground 
plane. Pins identified 
as "NC" 
must not be 
connected 
in the system. 
Liberal decoupling 
capacitance 
should be placed 
near the 80C186EB. 
The proces- 


sor can cause transient 
power surges when its output 
buffers transition, 
particularly 
when connected 
to large 
capacitive 
loads. 


Low inductance 
capacitors 
and interconnects 
are recommended 
for best high frequency 
electrical 
perform- 


ance. Inductance 
is reduced 
by placing the decoupling 
capacitors 
as close as possible 
to the 80C186EB vcc 


and Vss package 
pins. 


Always 
connect 
any unused 
input to an appropriate 
signal 
level. In particular, 
unused 
interrupt 
inputs 
(NMI, 
INTO:4) should 
be connected 
to vex: through 
a pull-up resistor 
(in the range of 100 KO). Leave any unused 
output 
pin or any Ne pin unconnected. 
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TARGETED 
D.C. SPECIFICATIONS 


Symbol 
Parameter 
Mln 
Max 
Units 
Notes 


VIL 
Input Low Voltage for all pins except RESIN 
-0.5 
0.3*Vcc 
V 


VIH 
Input High Voltage for all pins except RESIN 
«rv« 
vcc + 0.5 
V 


VOL 
Output Low Voltage 
0.45 
V 
IOL = 3 mA (Min) 


VOH 
Output High Voltage 
vcc - 
0.5 
V 
IOH = - 2 mA (Mln) 


VHYR 
Input Hysterisis 
on RESIN 
, 
0.65 
V 


11L1 
Input Leakage Current for pins: 
AD15:0, 
READY, HOLD, RESIN, CLKIN, 
TEST, NMI, INT4:0, TOIN, T1IN, RXDO, 
±15 
/LA 
OV ~ VIN ~ vcc 
BCLKO, CTSO, RXD1, BCLK1, CTS1, 
SINT1, P2.6, P2.7 


11L2 
Input Leakage Current for pins: 
±600 
/LA 
OV ~ VIN < vcc 
ERROR, 
PEREQ 


IIL3 
Input Leakage Current for pins: 
-2 
mA 
VIN = 0.7 vcc (Note 1) 
A19/0NCE, 
A18:16, LOCK 


IOL 
Output Leakage Current 
±15 
/LA 
0.45 s VOUT ~ vcc 
(Note 2) 


Icc 
Supply Current Cold (RESET) 
80C186EB-16 
'< 
90 
mA 
(Note 3) 


80C186EB-13 
'~ 
.... 
70 
mA 
(Note 3) 


80C186EB-8 
, 
50 
mA 
(Note 3) 


110 
Supply Current Idle 
80C186EB-16 
63 
mA 


80C186EB-13 
42 
mA 


80C186EB-8 
,_ ..,- ." 
"', 
35 
mA 


Ipo 
Supply Current Powerdown 
80C186EB-16 
100 
/LA 


80C186EB-13 
100 
/LA 


80C186EB-8 
100 
/LA 
( 


CIN 
Input Pin Capacitance 
0 
15 
pF 
TF = 1 MHz 


COUT 
Output Pin Capacitance 
0 
15 
pF 
TF = 1 MHz (Note 4) 


NOTES: 
1. These pins have an internal pull-up resistor that is active while RES1Nis low and ONCE Mode is not active. 
2, Output pins being floated during HOLD or by invoking the ONCE Mode. 
3. Measured at worst case frequency. vcc. and temperature with all outputs loaded as specified in A.C. Test Conditions. and 
the RESIN pin held low. 
4. Output capacitance is the capacitive load of a floating output pin. 
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o 
16 


TClKOUT 
(101Hz) 


(a) Under Test Conditions 


o 
16 


TClKOUT 
(101Hz) 


(b) Typical Operation 
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PDTMR 
PIN CAPACITANCE 
CHART 


Capacitive 
Load 
(pr) 


. 
~ 
(Vcc=5.5V) 


~ 
(VCC=4.SV) 


TIme Delay (~sec) 


Typical 
Startup 
Delay (Room Temp.) 
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VU 
I r"U I """\.Iv'" 


TCD 
CLKIN to CLKOUT 
Delay 
0 
20 
ns 
1.4 
T 
CLKOUT 
Period 
2·Tc 
ns 
1 
i 
TpH 
CLKOUT 
High Time 
(T/2) 
- 
5 
(T/2) + 5 
ns 
1 
I 


TpL 
CLKOUT 
Low Time 
(T/2) 
- 
5 
(T/2) + 5 
ns 
1 
TpR 
CLKOUT 
Rise Time 
1 
6 
ns 
1.5 
TpF 
CLKOUT 
Fall Time 
1 
6 
ns 
1.5 


OUTPUT 
DELA VS 


TCHOV1 
ALE. S2:0. DEN. DTIR. SHE. 
3 
22 
ns 
1.4.6.7 
LOCK. A19:16 


TCHOV2 
GCSO:7. [CS. DCS. NCS. RD. WR 
3 
27 
ns 
1.4.6.8 


TCLOV1 
SHE. DEN. LOCK. RESOUT. 
HLDA. 
3 
22 
ns 
1.4.6 
TOOUT. T10UT. 
A19:16 


TCLOV2 
RD. WR. 'GCS7:O. [CS. DCS. 
3 
27 
ns 
1.4.6 
AD15:0. NCS.INTA1:0. 
S2:0 


TCHOF 
RD. WR. SHE. DT IR. 
0 
25 
ns 
1 
LOCK. 52:0. A 19: 16 


TCLOF 
DEN. AD15:0 
0 
25 
ns 
1 


SVNCHRONOUSINPUTS 


TCHIS 
TEST. NMI.INT4:0. 
T11N 
10 
ns 
1.9 
T2IN. READY. RESIN. CTS1 :0 


TCHIH 
TEST. NMI.INT4:0. 
T11N 
0 
. 
ns 
1.9 
T2IN. READY. CTS1 :0 


TCLlS 
AD15:0 
10 
ns 
1.10 


TCLlS 
READY 
.1 
13 
ns 
1.10 


TCLlH 
READY. AD15:0 
0 
ns 
1.10 


TCLlS 
HOLD. RESIN. PER EO. ERROR 
10 
ns 
1.9 


TCLlH 
HOLD.PEREO.ERROR 
0 
.- 
ns 
1.9 


NOTES: 
1. See A.C. Timing 
Waveforms. 
for waveforms and definition. 
2. Measure at VIH for high time. VIL for low time. 
3. Only required to guarantee lee- Maximum limits are bounded by TC. TCH and TCL. 
4. Specified for a 50 pF load. see Figure 15 for capacitive derating information. 
5. Specified for a 50 pF load. see Figure 16 for rise and fall times outside 50 pF. 
6. See Figure 16 for rise and fall times. 
7. TCHOV1applies to BRE. [OCJ< and A19:16 only after a HOLD release. 
8. TCHOV2applies to RD and WR only after a HOLD release. 
9. Setup and Hold are required to guarantee recognition. 
10. Setup and Hold are required for proper 80C186EB operation. 
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TARGETED A.C. SPECIFICATIONS (Continued) 


TARGETED A.C. Characteristics-80C186EB-13 


Symbol 
, 
Parameter 
TARGET 
TARGET 
Units 
Notes 
Min 
Max 


INPUT CLOCK 


TF 
CLKIN Frequency 
o - 
26.08 
MHz 
1 


Tc 
CLKIN Period 
38.34 
00 
ns 
1 


TCH 
CLKIN High Time 
12 
00 
ns 
1,2 


TCL 
CLKIN Low Time 
12 
00 . 
ns 
1,2 


TCR 
CLKIN Rise Time 
1 
8 
ns 
1,3 


TCF 
CLKIN Fall Time 
1 
8 
ns 
1,3 


OUTPUT 
CLOCK 


TCD 
CLKIN to CLKOUT 
Delay 
0 
23 
ns 
1,4 
T 
CLKOUT Period 
2°Tc 
ns 
1 
TpH 
CLKOUT 
High Time 
(T/2)-5 
(T/2) + 5 
ns 
1 
TpL 
CLKOUT 
Low Time 
(T/2)-5 
(T/2) + 5 
ns 
1 
11 


TpR 
CLKOUT 
Rise Time 
1 
6 
ns 
1,5 
TpF 
CLKOUT 
Fall Time 
1 
6 
ns 
1,5 


OUTPUT 
DELA VS 


TCHOVl 
ALE, S2:0, DEN, DT/R, 
SHE, 
3 
25 
ns 
1,4,6, 
? 


LOCK, A19:16 


TCHOV2 
GCSO:?, [CS, UGS, NCS, RD, WR 
3 
30 
ns 
1,4,6,8 


TCLOVl 
SHE, DEN, LOCK, RESOUT, 
HLDA, 
3 
25 
ns 
1,4,6 


TOOUT, T10UT, 
A19:16 


TCLOV2 
RD, WR, GCS?:O, LCS, UCS, 
3 
30 
ns 
1,4,6 


AD15:0, 
NCS,INTA1:0, 
S2:0 


TCHOF 
RD, WR, SHE, DT IR, 
0 
25 
ns 
1 


LOCK, S2:0, A19:16 


TCLOF 
DEN, AD15:0 
0 
25 
ns 
1 


SVNCHRONOUSINPUTS 


TCHIS 
TEST, NMI,INT4:0, 
T11N 
10 
ns 
1,9 
T21N, READY, RESIN, CTS1 :0 


TCHIH 
TEST, NMI,INT4:0, 
T11N 
0 
ns 
1,9 
T21N, READY, CTS1 :0 


TCLlS 
AD15:0 
10 
ns 
1,10 


TCLls 
READY 
13 
ns 
1,10 


TCLlH 
READY, AD15;0 
0 
ns 
1,10 


TCLlS 
HOLD, RESIN, PEREO, ERROR 
10 
ns 
1,9 


TCLlH 
HOLD, PER EO, ERROR 
0 
ns 
1,9 


NOTES: 
1. See A.C. TIming Waveforms, for waveforms and definition. 
2. Measure at VIH for high time, VIL for low time. 
3. Only required to guarantee Ice. Maximum limits are bounded by Tc. TCHand TCL. 
4. Specified for a 50 pF load, see Figure 15 for capacitive derating information. 
5. Specified for a 50 pF load, see Figure 16 for rise and fall times outside 50 pF. 
6. See Figure 16 for rise and fall times. 
7. TCHOV1applies to BHE, WCK and A19:16 only after a HOLD release. 
8. TCHOV2applies to RD and WR only after a HOLD release. 
9. Setup and Hold are required to guarantee recognition. 
10. Setup and Hold are required for proper 80C186EB operation. 
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TARGETED 
A.C. SPECIFICATIONS 
(Continued) 


TARGETED A.C. Characteristics-80C186EB-8 


Symbol 
Parameter 
TARGET 
TARGET 
Units 
Notes 


Y"l' 
. '::! 
Mln 
Max 


·INPUT CLOCK 
,. 


TF 
CLKIN Frequency 
0 
16 
MHz 
1 
Tc 
CLKIN Period 
62.5 
I· 
00 
ns 
1 


TCH 
CLKIN High Time 
15 
00 
ns 
1,2 
TCL 
CLKIN Low Time 
15 


" 


00 
ns 
1,2 


TCR 
CLKIN Rise Time 
1 
.• 1.'1 
8 
~ 
ns 
1,3 


TCF 
CLKIN Fall Time 
- 
- 
l. 
1 
8 
ns 
1,3 


OUTPUT 
CLOCK 


TCD 
CLKIN to CLKOUT 
Delay 
0 
27 
ns 
1,4 
T 
CLKOUT 
Period 
2*Tc 
ns 
1 
TpH 
CLKOUT 
High Time 
(T/2)-5 
(T/2) + 5 
ns 
1 
TpL 
CLKOUT 
Low Time 
(T/2) 
- 
5 
(T/2) + 5 
ns 
1 


TpR 
CLKOUT 
Rise Time 
1 
6 
ns 
1,5 


TpF 
CLKOUT 
Fall Time 
1 
6 
ns 
1,5 


OUTPUT 
DELA VS 


TCHOV1 
ALE, S2:0, DEN, DT IR, SHE, 
3 
30 
ns 
1,4,6,7 


LOCK, A19:16 


TCHOV2 
GCSO:7, LCS, UCS, NCS, RD, WR 
3 
35 
ns. 
1,4,6,7 


TCLOV1 
SHE, DEN, LOCK, RESOUT, 
HLDA, 
3 
30 
ns 
1,4,6 


TOOUT, T10UT, 
A19:16 


TCLOV2 
RD, WR, GCS7:0, LCS, UCS, 
3 
35 
ns 
1,4,6 


AD15:0, 
NCS,INTA1:0, 
S2:0 
.. 


TCHOF 
RD, WR, SHE, DT IR, 
0 
30 
ns 
1 


LOCK, S2:0, A19:16 


TCLOF 
DEN, AD15:0 


-~ 


0 
35 
1 
ns 


SVNCHRONOUSINPUTS 


TCHIS 
TEST, NMI,INT4:0, 
T11N 
10 
ns 
1,9 
T21N, READY, RESIN, CTS1 :0 


TCHIH 
TEST, NMI,INT4:0, 
T11N 
0 
ns 
1,9 


T21N, READY, CTS1 :0 


TCLlS 
AD15:0 
10 
ns 
1,10 


TCLlS 
READY 
13 
ns 
1,10 


TCLlH 
READY, AD15:0 
0 
ns 
1, 10 


TCLlS 
HOLD, RESIN, PEREQ, ERROR 
10 
ns 
1,9 


TCLlH 
HOLD, PEREO, ERROR 
0 
ns 
1,9 


NOTES: 
1. See A.C. Timing Waveforms, for waveforms and definition. 
2. Measure at VIH for high time, VIL for low time. 
3. Only required to guarantee Icc. Maximum limits are bounded by TC. TCHand TCL. 
4. Specified for a 50 pF load. see Figure 15 for capacitive derating information. 
5. Specified for a 50 pF load. see Figure 16 for rise and fall times outside 50 pF. 
6. See Figure 16 for rise and fall times. 
7. TCHOV1applies to SHE. LOCK and A19:16 only after a HOLD release. 
8. TCHOV2applies to RD and WR only after a HOLD release. 
9. Setup and Hold are required to guarantee recognition. 
10. Setup and Hold are required for proper 80C186ES operation. 
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TARGETED 
A.C. SPECIFICATIONS 
(Continued) 


TARGETED 
Relative Timings (80C186EB-16, 
-13, -8) 


Symbol 
Parameter 
TARGET 
TARGET 
Unit 
Notes 
Mln 
Max 


RELATIVE 
TIMINGS 


TLHLL 
ALE Rising to ALE Falling 
T - 
15 
ns 


TAVLL 
Address 
Valid to ALE Falling 
%T - 
10 
ns 


TpLLL 
Chip Selects Valid to ALE Falling 
%T - 
10 


,j 


ns 
1 
-- 


TLLAX 
Address 
Hold from ALE Falling 
%T -10 


., 


ns 


TLLWL 
ALE Falling to WR Falling 
%T - 
15 
ns 
1 


hLRL 
ALE Falling to RD Falling 
%T -15 
ns 
1 


-,TWHLH 
WR Rising to ALE Rising 
%T -10 


- 
1 
•• ' 
r 
J 
ns 


TAFRL 
Address 
Float to RD Falling 
0 
ns 


TRLRH 
RD Falling to RD Rising 
(2'n 
- 
5 
ns 
2 


TWLWH 
WR Falling to WR Rising 
(2'n 
- 
5 
ns 
2 
- 


TRHAX 
RD Rising to Address Active 
T - 
15 
ns 


TWHDX 
Output Data Hold after WR Rising 
T - 
15 
ns 


TWHPH 
WR Rising to Chip Select Rising 
%T -10 
~ 
1 
ns 


TRHPH 
RD Rising to Chip Select Rising 
%T -10 
, 


ns 
1 


TpHPL 
CS Active to CS Inactive 
%T -10 
l 
ns 
1 


TOVRH 
0fiiCE Active to RESIN Rising 
%T 
. 
ns 


TRHOX 
ONCE Hold from RESIN Rising 
%T 
ns 


NOTES: 
1. Assumes 
equal 
loading 
on both pins. 
2. Can be extended 
using wait states. 
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TARGETED 
A.C. SPECifiCATIONS 
(Continued) 


TARGETED 
Serial Port Mode 0 Timings (80C186EB-16, 
-13, -8) 


Symbol 
Parameter 
TARGET 
TARGET 
Unit 
Note. 
~ 
Mln 
Max 


TXLXl 
TXD Clock Period 
T + nT - 
10 
ns 
1.2 


TXLXH 
TXD Clock Low to Clock High (N > 1) 
2T - 
10 
ns 
1.2 


TXLXH 
TXD Clock Low to Clock High (N = 1) 
T - 
10 
ns 
1.2 


TXHXl 
TXD Clock High to Clock Low 
(N - 
1) T - 
10 
ns 
2 


TOVXH 
RXD Output Data Setup to -TXD Clock High 
nT - 
20 
ns 
1.2 


TXHOX 
RXD Output Data Hold after TXD Clock High 
T - 
20 
ns 
1 


TXHOZ 
RXD Output Data Float after Last TXD Clock High 
T + 20 
ns 
1 


TOVXH 
RXD Input Data Setup to TXD Clock High 
T + 20 
ns 
1 


TXHOX 
RXD Input Data Hold after TXD Clock High 
0 
ns 
1 


NOTES: 
1. See Figure 
15 for waveforms. 


2. n is the value of the BxCMP 
register 
ignoring 
the IClK Bit (i.e .• IClK = 0). 
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A.C. TEST CONDITIONS 
OUTPUT 
PIN 
The A.C. specifications are tested with the 50 pF 
load shown in Figure 9. See the Derating Curves 
section to see how timings vary with load capaci- 
tance. 
CL = 50 pF for all signals. 


Specifications are measured at the Vcc/2 crossing 
point, unless otherwise specified. See A.C. Timing 
Waveforms, for A.C. specification definitions, test 
pins, and illustrations. 


Figure 9_A.C. Test Load 


CLKIN 


A.C. TIMING 
WAVEFORMS 


CLKOUT 


~ <9 
507. 
907. 
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Figure 10. Input and Output Clock Waveform 
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------~~~~~~-L--------OV 
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NOTE: 
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Figure 11. Output Delay and Float Waveform 


t------+j 
t.4IN 


OV~~~----------~~~~ 


Figure 12. Input Setup and Hold 
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Figure 13. Relative 
Signal Waveform 
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Figure 14_Serial Port Mode 0 Waveform 
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DELAY 
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Figure 15 
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RESET 


80C186EB 


~he 80C186EB will perform a reset operation. any 
time the RESIN pin active. The RESIN pin is actually 
synchronized before it is presented internally, which 
means that the clock must be operating before a 
reset can take effect. From a power-on state, RESIN 
must be held active (Iow) in order to guarantee cor- 
rect initialization of the 80C186EB. Failure 
to pro- 
vide RESIN while the device 
Is powerlng 
up will 
result In unspecified 
operation 
of the device. 


Figure 17 shows the correct reset sequence when 
first applying power to the 80C186EB. An external 
clock connected to CLKIN must not exceed the vcc 
threshold being applied to the 80C186EB. This is 
nc:>rmallynot a problem if the clock driver is supplied 
With the same vcc that supplies the 80C186EB. 
When attaching a crystal to the device, RESIN must 
remain active until both vcc and CLKOUT are stable 
(the length of time is application specific and de- 
p~nd.s on the startup characteristics of the crystal 
circuit), The RESIN pin is designed to operate cor- 
re?tly w~ing an RC reset ci~cuit, but the designer 


must ensure that the ramp time for vcc is not so 
long that RESIN is never really sampled at a logic 
low level. when vcc reaches minimum operating 
conditions. 
. 


Figure 17 shows the timing sequence when RESIN 
is applied after vcc is stable and the device has 
been operating. Note that a reset will terminate all 
~ctivity and return the 80C186EB to a known operat- 
Ing state. Any bus operation that is in progress at the 
time RESIN is asserted will terminate immediately 
(note that most control signals will be driven to their 
inactive state first before floating). 


While RESIN is active, bus signals LOCK, A19/ 
ONCE, and A18:16 are configured as inputs and 
weakly held high by internal pullup transistors. Only 
19/0NCE can be overdriven to a low and is used to 
enable ONCE Mode. Forcing LOCK or A18:16 low at 
any time while RESIN is low is prohibited and will 
cause unspecified device operation. 
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NOTE: 
CL KO UT synchronization 
occurs 
on the rising edge of RESIN. 
If RESiN is sampled 
high while CLKoUT 
is high (solid line), then CLKOUT 
will remain 
low for two CLKIN 
periods. 
If RESiN is sampled 
high while CLKOUT 
is low (dashed 
line), then CL KO UT will not be affected. 
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Figures 
20 through 
26 present 
the various 
bus cy- 
cles that are generated 
by the 80C186EB. 
What 
is 
shown in the figure is the relationship 
of the various 
bus signals 
to CLKOUT. 
These 
figures 
along 
with 
the information 
present 
in A.C. Specifications 
allow 
the user to determine 
all the critical 
timing 
analysis 
. 


needed 
for a given applicatlon. 
' 


Figure 
19 shows 
the 80C186EB 
bus state diagram. 
Typically 
a bus cycle will consist 
of four consecutive 
states 
labeled 
T1, T2, T3, and T4. A TI state exists 
when no bus cycle is pending. A TI state can occur if 
the pre-fetch 
queue is full, the BIU is waiting for the 
completion 
of an effective 
address 
calculation, 
or 
the BIU is told to wait for a pending 
EU bus opera- 


tion. The latter case will occur most often during the 
sequencing 
of an interrupt 
acknowledge 
or during 
the execution 
of numerics 
escape 
instructions. 


Aside 
from 
TI states, 
multiple 
T3 states 
can occur 
during a bus cycle 
if READY 
is not returned 
in time 
(or the CSU has been programmed 
to automatically 
insert wait-states). 
A T3 state will be followed 
by ei- 
ther a T4 state 
(if a bus cycle 
is pending), 
or a TI 
state (if no bus cycle is pending). 
Only multiple T3 or 
TI states can exist (Le., there is no way to extend the 
T1, T2, or T4 states). 


Figures 
20 and 21 present 
a typical 
bus read and 
write operation 
respectively. 
Bus read operations 
in- 
clude 
memory, 
1/0, instruction 
fetch, 
and 
refresh 
bus 
cycles. 
Bus 
write 
operations 
include 
memory 


and 1/0 bus cycles. 
The 
only variation 
among 
the 
different· bus cycles 
would 
be the range 
of address 
generated 
and the state of the status signals .. 


The Halt bus cycle is shown 
in Figure 22. Note that 
the condi!ion 
of the AD15:0 pin can be either floating 
or driving depending 
on the operation 
of the bus cy- 


cle that preceded 
the Halt. The pins will float if the 
previous 
bus cycle 
was a read, otherwise 
they will 
drive. 
None 
of the 
control 
signals 
(e.g., RD, WR, 


DEN, etc,) will be activated, 
however. 


Figure 
21 shows 
the 
sequence 
of bus cycles 
run 
• 
when an interrupt 
is acknowledged 
and the ICU has 
. 


been programmed 
for Cascade 
Mode. Note the ad- 
dress information 
is not valid for the two bus cycles 
run, however, 
also 
note 
that RD and WR are not 
generated. 
Vector 
information 
needs to be returned 
during the second 
bus cycle. 
" 


Figures 
24 
and 
25 
present 
the 
operation 
of 
bus 
HOLD. 
Figure 
24 shows 
how bus HOLD is entered 
and exited 
under 
normal 
operating 
conditions. 
Fig- 
ure 25 
ShOWS 
the effect 
specific 
bus signals 
have 
when a refresh bus cycle request 
has been generat- 
ed and the bus is currently 
unavailable 
due to: a bus 
HOLD. 
. 
, 


The effects 
of READY 
on bus operation 
is shown 
in 
Figure·26. 
READY 
is useful in extending 
the bus cy- 
cle 
to 
meet 
the 
various 
access 
requirements 
for 
memory 
and peripheral 
devices 
in the system. 
Addi- 
tional 
T3 states 
added 
to 'the bus cycle 
have been 
appropriately 
labeied 
Tw. 


HOLD Asserted 
270803-25 
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Figure 
19. 8OC186EB Bus States 
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was a read, then the AD15:0 
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All other 
control 
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Figure 22 
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NOTES: 
1. READY 
must be low by either 
edge to cause 
a wait state. 
2. Lighter 
lines indicate 
READ cycles, 
darker 
lines indicate 
WRITE 
cycles. 


Figure 25 
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80C186EB 


READY 
CYCLE 
WAVEFORM 


CLKOUT 


ALE 


I 
I 
I 
TII~~~--~~--~~--~~--~~--f 
I 
I 
I 
I 
I 


A19/0NCE. 


A18:16 


I 
I 
I 


I 
I 


8HE 
V 
VALlO 
V 


LOCK 
-- 
-~A~-- 
~--~-------------------4A~------------ 


AD15:0 
---_ 


READY 


I 
I 


GCS7:0. ~\ 


VALlO 
I \ 
UCS.LCS 


I 
I 


RD.WR 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


I 
I 
I 
I 
I 


DT/R 
~ 
\® 
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NOTES: 
1. ~ 
must be low by either 
edge to cause 
a wait state. 


2. Lighter 
lines indicate 
READ cycles. 
darker 
lines indicate 
WRITE 
cycles. 


Rgure26 
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Not all defined register bits can be read and/or writ- 
ten, although most registers are read/write. Some 
registers, like the P1DIR register, exist but do not 
have any effect on the operation of the 80C186ES. 
For example, the Port1 pins are output only and can- 
not be changed by programming the P1DIR register. 
However, the P1DIR register can still be read and 
written-which 
allows the P1DIR register to be used 
as a temporary 8-bit data register. 


Reads and writes to any of the PCS registers will 
cause a bus cycle to be run externally, however, 
none of the chip selects will go active (even if they 
overlap the PCS address range). Data read back 
from the AD15:0 bus is ignored, and all cycles will 
take zero wait states (except accesses to the Timer/ 
Counter registers which take one wait state 'due to 
internal synchronization). 


Figures 27 and 28 present the registers associated 
with the Interrupt Control Unit (ICU). A write to the 
MASK (08H) register will also effect the correspond- 
ing MSK bit in each of the control registers (e.g., 
setting the TMR bit in the MASK register will also set 
the MSK bit in the TMRCON register). 


wise {liKe me t"1 UIH reglsTer)~tn9'rlfglSters can-De 
thought of being an 8-bit data register. 


Figure 31 presents the register bit definitions of the 
Serial Communications Unit (SCU).The transmit and 
receive buffer registers are both readable and write- 
able. Note that a read from SxSTS register will clear 
all of the status information (except for CTS, which 
actually is derived from the pin itself). 


The Chip-Select Unit (CSU) registers are presented 
in Figure 33 and the Refresh Control Unit (RCU),reg- 
isters are presented in Figure 32. The RFADDR reg- 
ister will indicate the current refresh address when 
read, and a write to the register will change the next 
refresh address generated. 


Figure 34 presents the 
PWRCON register and 
STEPID register. The STEPID register contains step- 
ping identifier that mayor may not change any time 
there is a change to the 80C186ES silicon die. The 
STEPID is for Intel use and can change at any time. 
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80C186EB 


b. 
b. 
b. 
b. 
0 
VTO 
0 
VTO 
0 
TtolR 
0 
PRtolO }P......,,..... 


VTl 
VTl 
X 
PRtoll 
O·H~ 
}-- 
}-- 


7 - L_nt 
VT2 
Vector TfP4' 
VT2 
V~tOl'" Type 
SER 
PRtol2 
(write 
only) 
(rwd 
only) 
Intwrupt 
WoeIed 
X 
VT3 
VT3 
INT4 
1 == Interrupt In-s.tvfce 


VT4 
VT4 
INTO 
tnt.fT\Ipt R~uHted 
X 
(REOST la NOd only) 


X 
X 
INT1 
X 


X 
X 
INT2 
X 


X 
X 
INB 
X 


X 
X 
X 
X 


X 
X 
X 
X 


.0 
X 
.0 
X 
.0 
X 
.0 
X 


11 
X 
11 
X 
11 
X 
11 
X 


.2 
X 
.2 
X 
'2 
X 
'2 
X 


13 
X 
13 
X 
13 
X 
13 
X 
•• 
X 
•• 
X 
•• 
X 
•• 
X 
•• 
NSPEC 
t = EnobM> Hons,.clftc 
EOt 
is 
IREO 
1 z Int."".pt 
R~um 
Pr.••• nt 
15 
X 
•• 
X 
(wrtte 
only) 
(read only) 


£Ot (02H) 
POLL (04H) 
fWASK (O$H) 
PRWSK (OAH) 


RESrr,. 
0 
POLSTS (OIH) 
RESET 
• 
OOFDH 
RESET == ooo7H 
RESET •• 0 
IHSERV (DCH) 
REOST (OE) 
RESET = 0 
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Figure 27. Interrupt 
Control 
Unit Registers 


• It 
.. 
bit 
•• 
0 
TIoIRO 
0 
PRIoIO 
0 
PRtolO 
0 
PRtolO 
}"''''''Lm. 
}P"""'Lm, 
} .",""L•••, 
TIoIRl 
PRloIl 
0- 
Hlghe.t 
PRloIl 
0- 
Hlghe.t 
PRloIl 
0- 
High•••. 
}..__.. 
7 - 
Low •• t 
7 - 
Low •• t 
7 - low.'" 


TIoIR2 
r.qullted 
PRIoI2 
PRIoI2 
PRIoI2 


SRX 
IoISK 
1,. 
••••k Inturupt 
IoISK 


1 z 
•••• k Int.rrupt 
IoISK 


1 _ 
••••.• 
Intlrrupt 


0= 
[_bl.lnterrupt 
o :: tn.b" 
Interrupt 
O. 
EM-bl.lnt.rrupt 


STX 
X 
LEVL 


l:o:l 
•.•.•.•• od. 
LEVL 


1 _ 
l •.•.• / ••ode 


0", 
Edg. 
Wode 
0" 
Edge Wod. 


X 
X 
CAS 
1 :: [nab" 
c..c.d. 
Op•..•• ton 
X 


X 
X 
SFNIoI 
1 ;;: [nab" 
•••• t.d 
Intlrruptl 
X 


X 
X 
X 
X 


X 
X 
X 
X 


X 
X 
X 
X 


X 
10 
X 
10 
X 
X 


X 
X 
X 
X 


12 
X 
12 
X 
12 
X 
12 
X 


" 
X 
X 
" 


X 
" 


X 


X 
X 
X 
X 


IS 
NIoII 
1 = "lII' 
Intl""Upt 
IS 
X 
X 
X 


'MTSTS 
(tON) 
TeUeO" 
(12H) 
IOCON 
(IIN) 
12eON 
(ICH) 


RESET'" 
0 
SCUCO" 
(UN) 
lIeON 
(IAH) 
13CON 
(I£H) 
R[StT 
'" 
OOOfH 
RESET 
_ 
OOOfH 
14CON 
(1IH) 


REStT 
'" 
OOOfH 
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Figure 28. Interrupt 
Control 
Unit Registers 
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80C186EB 


.. 
.. 
•• 
•• 
c 
poo 
o 
PPO 
e 
PFO 
. 
PLO 


POl 
PPl 
PFl 
PL1 


P02 
PP2 
PF2 
PL2 


P03 
PP3 
Port 
PIn 
PF3 
Port 
Pin 
PL3 
Control 
Port 
PI" 
V.Ju. 


(0'" 
Port) 
Lateh 
P04 
PP4 
(r_d only) 
PF4 
(1:: Periph.,..) 
PL4 


P05 
PP5 
PF5 
PL5 


P06 
Port 
Pin 
Direotlon 
PP6 
PF6 
PL6 
}'",Input 
P07 
0'" 
Output 
PP7 
PF7 
PL7 
(PORT 
Z ONLY) 


X 
X 
X 
X 


X 
X 
X 
X 
I. 
X 
I. 
X 
I. 
X 
I. 
X 


X 
11 
X 
X 
X 


12 
X 
12 
X 
12 
X 
12 
X 


13 
X 
" 
X 
" 


X 
" 
X 
X 
X 
14 
X 
,. 
X 
ts 
X 
,. 
,. 
X 


"01ft 
(50H) 
PIPIN 
(52H) 
PICON 
(54H) 
P,LTCH.(Se;H) 


P201A 
(5aH) 
P2PIH 
(SAH) 
P2eDN 
(5CH) 
P2LTCH 
(5[H) 


RESET = XXrrH 
AES[T 
'" XXrrH 
AESrr = xxrfH 
R[S[l = xxrrH 
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Figure 30. 1/0 Port Unit Registers 
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•• 
•• 
•0 
•• 
.0 
• 
BRO 
• 
BCO 
• 
MO 
} 
.od. 
S.1ect 
• 
X 
• 
DBO 
0" 
Syno 
CTS 
Complementlld 
YOkM 
DBl 
BRl 
BCl 
Ml 
I" 
8blt 
of CTSnl 
Pin 
2,3" ,bit 
BR2 
BC2 
M2 
.••. 7blt 
OE 
1 = OwIrNn 
ErTO!' 
DB2 


BR3 
BC3 
PEN 
1 "" porfty EnablN 
TXE 
1 = Transmit 
Buff.r 
DB3 
Tronumlt/ 
Empt, 
ReceM 


BR4 
BC4 
EVN 
1 =[_Partly 
FE 
1 = Frommlng 
ErTor 
DB4 
Date Butm' 
0= 
Odd Portty 


BR5 
BC5 
REN 
1 = Recetv.r 
Enab'-d 
TI 
1 = TI'QI'IImltInterNpt 
DB5 
p,. •• nt 


BR6 
BC6 
CEN 
1 = [noble 
CTS Pin 
RI 
1 = Rece"'. 
Interrupt 
DB6 
PrHent 


BR7 
Baud-Rat. 
BC7 
Baud-Rat. 
TBS 
9th Dolo Bit 
, RSS/PE 
9th 
Dato Bit or 
DB7 
S.1ect 
Count 
(Wodn 
2.3) 
••••••, Err..- 


BRS 
BCS 
SBRK 
1 
•• Send 
Break 
• 
DBRKO 
1 ::: Wbfb Break 
X 
Det••••• 


BR9 
BC9 
X 
DBRKl 
1 II!: 2M+3b1t. 
8r.ok 
X 
Det••••• 
to 
BR10 
io 
BC1Q 
•• 
X 
•• 
X 
•• 
X 


11 
BRll 
11 
acn 
11 
X 
11 
X 
11 
X 


12 
BR12 
.2 
BCq 
.2 
X 
.2 
X 
.2 
X 


13 
BR13 
.3 
BC13 
.3 
X 
13 
X 
.3 
X 
•• 
BR14 
•• 
BC14 
•• 
X 
•• 
X 
•• 
X 
•• 
IClK 
I :::U•• 
Int..-nol 
CIoc:k •• 
X 
•• 
X 
•• 
X 
•• 
X 
0= 
u •• 
txt.molClock 
~=~~=~ 
:fC:~~~=~ 
~=~~:~ 
~~~~~=~ 


SxRBUF (se.78H) 
SxTBUf' (Wt.7AH) 
RESET ••. 0 
RESET = 0 
R£SET = 0 
RESET = OOOISH 
RESrT = 0 
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Figure 31. Serial Communications 
Unit Registers 


•• 
•• 
•• 
• 
wso 
• 
1 = EncIbIe READY PIn 
• 
AS 


WSl 
1 = Decod. 
".mory 
Spoc. 
A9 
}w..-S •••• 
o = Decode 
I/O Spoce 


WS2 
Select 
(00-1$) 
1 = oa.at>te 
Stop 
Addrea 
Al0 
eom •••• 


WS3 
1 = Enoble 
Chlp-Se*t 
All 


X 
A12 


X 
A13 
StartIng 
Addrea 


CSO 
A14 
F••• PC8 


CSl 
A15 


CS2 
A16 


CS3 
A17 
io 
CS4 
ChIP'""S.6ect 
•• 
Chip-Select 
•• 
A1S 
Starting 
.•.dd,.... 
Stopping 
Add,.. •• 


11 
CS5 
(""9:10 
IHmory) 
11 
~AI9:10 w.mory) 
11 
A19 
I, 
(••• ,61/0) 
AI5:& I/O) 


.2 
CS6 
'2 
.2 
MEM 


1 = PC8 •• In Wemory 
Space 


0= 
PC8 Is In I/O Spoce 


13 
CS7 
13 
'3 
X 


11 


•• 
CSS 
•• 
•• 
X 
•• 
CS9 
•• 
•• 
TRAP 
1 •• TRAP on ESC Opcode 
o = Execut. 
£Se 
Opcoch 


GCSxsr 
(80,84.88,90. 
i ••.•i8. 
iCH) 
OCSxST (82.86. 
BA, 8E, i2, 
i6, U, iEH) 
RElREC 
(AaH) 
~~~:~ 
b~:~~=~ 
RES£T = OOF'FH 


RESET • 
rrCFH 
RESET = rrClH 
(CCSxSP. 
LCSSP) 
RESET = rrCF'H (ecs) 
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Figure 32. Chlp-Select 
Unit Registers 


80C186EB 
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-- 


inter 
80C186EB 


bft 
b" 
bft 
e 
RCO 
o 
RCO 
• 
1 


RCl 
RCl 
RAl 


RC~ 
RC2 
RA2 


RC3 
RC3 
RA3 


RC4 
initial R.fresh 
RC4 
CUrr.nt R.hat! 
RA4 
R~u.st 
Clock Count 
Clock Count 


RCS 
RCS 
RAS 


RC6 
RC6 
RA6 


RC7 
RC7 
RA7 


RC8 
RC8 
RA8 


X 
X 
RA9 


io 
X 
ro 
X 
to 
RA10 • 


11 
X 
11 
X 
11 
RAIl 


12 
X 
12 
X 
12 
RA12 


13 
X 
13 
X 
13 
X 


14 
X 
,. 
X 
,. 
X 
" 
X 
" 
REN 
1 = Enoble 
R.fr 
•• h 
" 
X 


RFTlIrIIE (B2H) 
RfCON 
(B4H) 
RFAOOR (B6H) 
RES£T = OH 
RESET '" OH 
RESET = lfFf'H 
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Figure 33. Refresh 
Control 
Unit Registers 


bft 
b" 
o 
lOBI 
o 
PWRON 
1 = Enoble 
Po •• 
rOown 
Weld. 


IOB2 
} smp~G 
IDLE 
I :z Enobl. Idle Mod. 
IDENTIfiER 
(Mttln; both relultl 
IOB3 
(reod only) 
X 
In no 
opervtlon) 
IOB4 
X 


X 
X 


X 
X 


X 
X 


X 
X 


X 
X 


X 
X 


to 
X 
ic 
X 


11 
X 
11 
X 


12 
X 
12 
X 


13 
X 
13 
X 


14 
X 
,. 
X 


" 
X 
" 
X 


STEPlO (OCH) 
PWRCON (B8H) 


RES£T 
= 
1 H 
fOf' 
A-STEP 
RESET = 0 
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Figure 34. Power Management 
Unit Registers 


b"• 
RA13 


RA14 


RA1S 


RA16I-- 


bib AI3-A19 
I 


RA17 


RA18 


RA19 


X 


X 


X 


io 
X 


11 
'X 


12 
X 


13 
X 
,. 
X 


" 
X 


Rf8AS£ 
(BOH) 


RESET 
= OH 
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inter 


80C186EB 
EXECUTION 
TIMINGS 


80C186EB 


A determination of 80C186EB program execution 
timing must consider the bus cycles necessary to 
prefetch instructions as well as the number of exe- 
cution unit cycles necessary to execute instructions. 
The 
following 
instruction 
timings 
represent 
the 
minimum execution time in clock cycles for each 
instruction. The timings given are based on the fol- 
lowing assumptions: 


• The opcode, along with any data or displacement 
required for execution of a particular instruction, 
has been prefetched and resides in the queue at 
the time it is needed. 


• No wait states or bus HOLDs occur. 
• All word-data is located on even-address bound- 
aries. 


All jumps and calls include the time required to fetch 
the opcode of the next instruction at the destination 
address. 


All instructions which involve memory accesses can 
require one or two additional clocks above the mini- 
mum timings shown due to the asynchronous hand- 
shake between the bus interface unit (BIU) and exe- 
cution unit. 


With a 16-bit BIU, the 80C186EB has sufficient bus 
performance to ensure that an adequate number of 
prefetched bytes will reside in the queue most of the 
time. Therefore, actual program execution time will 
not be substantially greater than that derived from 
adding the instruction timings shown. 
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80C186EB 


INSTRUCTION 
SET SUMMARY 


POP = Pop: 


Memory 


Register 


Segment register 


XCHG = Exchange: 


RegisterImemory with register 


Register with accumulator 


IN = Input from: 


Fixed port 


Variable port 


OUT = Output to: 


Fixed port 


Variable port 


XLAT = Translate byte to AL 


LEA = Load EA to register 


LDS = Load pointer to DS 


LES = Load pointer to ES 


LAHF = Load AH with flags 


SAHF = Store AH into flags 


PUSHF = Push flags 


Format 
Clock 
Comment. 
Function 
Cycle. 


DATA TRANSFER 
MOY = Move: 


Register to RegisterlMemory 
1000100w 
mod reg rIm 
2/12 


Registerlmemory to register 
1000101w 
modreg rIm 
2/9 


Immediate to registerlmemory 
1100011 
w 
mod 000 rIm 
data 
data ifw= 1 
12-13 
8/16-bit 


Immediate to register 
1011 
w reg 
data 
dataifw= 
1 
3-4 
8116-bit 


Memory to accumulator 
1010000w 
addr-Iow 
addr-high 
8 


Accumulator to memory 
1010001w 
addr-Iow 
addr-high 
9 


RegisterI memory to segment register 
10001110 
mod 0 reg rIm 
2/9 


Segment register to registerI memory 
10001100 
mod 0 reg rIm 
2/11 


PUSH = Push: 


Memory 
11111111 
mod 110 
rIm 
16 


Register 
01010reg 
10 


Segment register 
9 


10001111 
modOOO rIm 


010.11 
reg 


000reg111 


1000011w 
mod reg rIm 


10010reg 


1110010w 
port 


1110110w 


1110011 
w 
port 


1110111 
w 


1101011 
i 


10001101 
mod reg rIm 


11000101 
mod reg rIm 


11000100 
modreg rIm 


10011111 


10011110 


POPF = Pop flags 
10011101 


10011100 


Shaded 
areas 
indicate 
instructions 
not available 
in 8086. 
8088 
microsystems. 
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20 


10 


.8 


4/17 


3 


10 


8 


9 


7 


11 


6 


18 


18 


2 


3 


9 


8 


Immediateto accumulator 
0000010w 
data 
dataifw=1 
3/4 
8/16-bit 


ADC = Add with carry: 


Reglmemory with registerto either 
000100dw 
modreg rIm 
3/10 


Immediateto registerlmemory 
100000sw 
mod0 10 rIm 
data 
data if s w=01 
4/16 


Immediateto accumulator 
0001010w 
data 
dataifw=1 
3/4 
8/16-b~ 


INC = Increment: 


Registerlmemory 
1111111w 
modOOO rIm 
3/15 


Register 
01000 
reg 
3 


SUB = Subtract: 


Reglmemory and registerto either 
001010dw 
modreg rIm 
3/10 


Immediatefrom registerlmemory 
100000sw 
modl0l 
rIm 
data 
dataffsw=OI 
4/16 


Immediatefrom accumulator 
0010110w 
data 
dataifw=1 
3/4 
8/16-bit 


SBB = Subtrect with borrow: 


Regl memoryand registerto either 
000110dw 
modreg rIm 
3/10 


Immediatefrom registerlmemory 
100000sw 
modOll 
rIm 
data 
data if s w=OI 
4/16 


Immediatefrom accumulator 
0001110w 
data 
dataifw= 
1 
3/4 
8/16-b~ 


OEC = Decrement 


Registerlmemory 
lllllllw 
modOOl 
rIm 
3/15 


Register 
01001reg 
3 


CMP = Compare: 


RegisterI memorywith register 
00111101w 
modreg rIm 
3/10 


Registerwith registerlmemory 
0011100w 
modreg rIm 
3/10 


Immediatewith registerlmemory 
100000sw 
modlll 
rIm 
data 
dataffsw=OI 
3/10 


Immediate~h 
accumulator 
0011110w 
data 
dataifw=1 
3/4 
8/16-b~ 


NEG = Changesign registerI memory 
1111011 
w 
modO 11 rIm 
3/10 


AAA = ASCIIadjustfor add 
00110111 
8 


OAA = Decimaladjustfor add 
00100111 
4 


AAS = ASCIIadjustfor subtract 
00111111 
7 


OAS = Decimaladjustfor subtract 
00101111 
4 


MUL = Multiply(unsigned): 
1111011 
w 
mod 100 rIm 


Register-Byte 
26-28 
Register-Word 
35-37 
Memory-Byte 
32-34 
Memory-Word 
41-43 


Shaded 
areas indicate 
instructions 
not available 
in 8086, 
8088 microsystems. 
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80C186EB 


Function 


INSTRUCTION 
SET SUMMARY 
(Continued) 


Format 
Clock 
Cycles 
Comments 


ARITHMETIC(Continued) 


IMUL = Integermultiply(signed): 
1 1 1 1 0 1 1w 
mod 101 rIm 


Register-Byte 
25-28 
Register-Word 
34-37 
Memory-Byte 
31-34 
Memory-Word 
40-43 
11~~~U~~;,~~·'~.~,~~~~~··I"~:,:_:JEJIL~l!]lq~rllJ"'lI'r$B::i9~~~!:lIJ§[' 
:J"'~.·~••=!!l,]i~Ii;;._;-~''~)2f"~;~'P":f1t@h_l"""",_'9ii~- 


DIY = Divide(unsigned): 


Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 


IDlY = Integerdivide(signed): 


Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 


AAM = ASCIIadjustfor multiply 


AAD = ASCIIadjustfor divide 


CBW = Convertbyteto word 


CWD = Convertwordto doubleword 


LOGIC 
ShlftlRotate Instructions: 


RegisterlMemoryby 1 


RegisterlMemorybyCL 
1- 
A9QI1lterJ~llY~t 


AND = And: 


Reglmemoryandregisterto either 


Immediateto registerImemory 


Immediateto accumulator 


Reglmemoryandregisterto either 


Immediate 
to register/memory 


Immediate 
to accumulator 


1111011 
w 
mod110 
rIm 


2/15 


3/10 


4/16 


3/4 


3/10 


4/10 


3/4 


3/10 


4/16 


3/4 


modTTIr/m 
- 
I~ " 


5+n/17+n 


Shaded 
areas 
indicate 
instructions 
not available 
In 8086, 
8088 microsystems. 
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t 
29 
38 
35 
44 


44-52 
5,3-61 
50-58 
59-67 


19 


15 


2 


4 


TEST= And function to lIags, no resurlt;:".: 
-r-t- 
---, 


RegisterI ;"emory and register 
I 1 0 0 0 0 IOw 
modreg rIm 
~====~====~----~----~ 
Immediatedataandregisterlmemory I 1 1 1 1 0 1 1w 
mod000 
rIm 
~====~====~====~-=~~ 
Immediatedataandaccumulator 
I 1 0 10 1 0 0 w 
data 


OR=Or: 


1 1 1 101 1 w I 'mod 1 1 1 rIm 


110101'00 
00001010 


8/16-bit 


8/1B-bit 


8/16-bit 


11010101 
00001010 


10011000 


10011001 


I 
1101000w 
modTTIr/m 
I 1101001 
w 
J 
nooQ;OOw 


TTI Instruction 
000 
ROL 
001 
ROR 
010 
RCL 
011 
RCR 
100 
SHL/SAL 
101 
SHR 
111 
SAR 


001000dw 
modreg rIm 


1000000w 
mod 100 rIm 
data 
dataifw=1 


0010010w 
data 
dataifw=1 


data 
data~w=1 


dataifw=1 


000010dw 
modreg rIm 


1000000w 
mod001 
rIm 
data 
dataitw=1 


0000110w 
data 
dataitw=1 


<: 
. 


inter 
80C186EB 


INSTRUCTION 
SET SUMMARY 
(Continued) 


Function 
Format 
Clock 
Comments 
Cycles 


LOGIC (Continued) 
XOR ~ Exclusive or: 


Regl memory and register to either 
I 
001100dw 
I 
mod reg rIm 
I 
3110 


Immediate to register/memory 
I 
1000000w 
I mod 110 
rIm I 
data 
I 
dataifw~1 
I 
4116 


Immediate to accumulator 
I 
0011010w 
I 
data 
I 
dataifw~1 
I 
3/4 
8116-bit 


NOT ~ Invert register/memory 
I 
1111011w 
I modO 10 
rIm I 
3110 


STRING MANIPULATION 


MOVS ~ Move byte/word 
1010010w 
I 
14 


CMPS ~ Compare byte/word 
1010011 
w I 
22 


SCAS ~ Scan byte/word 
1010111 
w I 
15 


LOOS ~ Load byte/wd to All AX 
1010110w 
I 
12 


STOS ~ Store byte/wd from ALl AX 
1010101 
w I 
10 
I~ 
I 
I 
iNS = Input byte/wd 
from OXport 
OQ0110w 
14 


loUTS = Ou1Putbyte/wd to OXport 
I 
011011111" 
I 
14 


Repeated by count in ex (REP/REPE/REPZ/REPNE/REPNZ) 


MOVS ~ Move string 
11110010 
1010010w 
8+8n 


CMPS ~ Compare siring 
111'1001 
z 
1010011 
w 
5+22n 


SCAS ~ Scan string 
1111001 
z 
1010111 
w 
5+15n 


LOOS ~ Load string 
11110010 
1010110w 
6+11n 


STOS ~ Store string 
11110010 
1010101 
w 
6+9n 


INS = Input S1ring 
11110010 
0110110w 
I 
8+8n 


OUTS = Output S1ring 
I 
11110010 
0110111 
w I 
8+8n 


CONTROL TRANSFER 


CALL ~ Call: 
, 


Direct within segment 
I 
11101000 
I 
disp-Iow 
I 
disp-high 
I 
15 


RegisterI memory 
I 
11111111 
I modO 10 
rIm I 
13119 
indirect 
within 
segment 


Direct intersegment 
I 
10011010 
I 
segment offset 
I 
23 
I 
segment selector 
I 


Indirect intersegment 
I 
11111111 
I mod 0 1 1 rIm I 
(mod* 11) 
38 


JMP = Unconditional Jump: 


Shortllong 
I 
11101011 
I 
disp-Iow 
I 
14 


Direct within segment 
I 
11101001 
I 
disp-Iow 
I 
disp-high 
I 
14 


RegisterI memory 
I 
11111111 
I mod 1 00 
rIm I 
11117 
indirect within segment 


Direct 
intersegment 
I 
11101010 
I 
segment offset 
I 
14 


I 
segment selector 
I 


Indirect intersegment 
I 
11111111 
I mod 1 01 
rIm I 
(mod * 11) 
26 


Shaded 
areas 
Indicate 
Instructions 
not available 
In 8086, 8088 
rmcrosystems. 
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intJ 
80C186EB. 


INSTRUCTION 
SET SUMMARY 
(Continued) 


Function 
Format 
Clock 
Comments 


Cycles 


CONTROL 
TRANSFER 
(Continued) 


RET = Return 
from 
CALL: 


Within segment 
11000011 
16 


Within seg adding immed to SP 
11000010 
data-Iow 
data-high 
18 


Intersegment 
11001011 
22 


Intersegment adding immediate to SP 
11001010 
data-low 
data-high 
25 


JE/JZ 
= Jump on equal/zero 
01110100 
disp 
4/13 
JMP not • 


JL/JNGE 
= Jump on less/not greater or equal 
01111100 
disp 
4/13 
taken/JMP 


taken 


JLE/JNG 
= Jump on less or equal/not greater 
01111110 
disp 
4/13 


I 


JB/JNAE 
= Jump on below/not above or equal 
01110010 
disp 
4/13 


JBE/JNA 
= Jump on below or equal/not above 
01110110 
disp 
4/13 


JP/ JPE = Jump on parity/parity even 
01111010 
disp 
4/13 


JO = Jump on overflow 
01110000 
disp 
4/13 


JS = Jump on sign 
01111000 
disp 
4/13 


JNE/JNZ 
= Jump on not equal/not zero 
01110101 
disp 
4/13 


JNLlJGE 
= Jump on not less/greater or equal 
01111101 
disp 
4/13 


JNLE/JG 
= Jump on not less or equal/greater 
01111111 
disp 
4/13 


JNB/JAE 
= Jump on not below/above or equal 
01110011 
disp 
4/13 


JNBE/JA 
= Jump on not below or equal/above 
01110111 
disp 
4/13 


JNP/JPO 
= Jump on not par/par odd 
01111011 
disp 
4/13 


JNO 
"" Jump on not overflow 
01110001 
disp 
4/13 


JNS = Jump on not sign 
01111001 
disp 
.4/13 


JCXZ = Jump on ex zero 
11100011 
disp: 
5/15' 


LOOP = Loop ex times 
11100010 
disp 
6/16 
LOOP not 


LOOPZ/LOOPE 
= Loop while zero/equal 
11100001 
disp 
6/16 
taken/LOOP 


taken 


LOOPNZlLOOPNE 
= Loop while not zero/equal I 


Type specified 
11001101 
type 


Type 3 
11001100 


11001110 
INTO 
= Interrupt on overflow 


IRET = Interrupt return 
I 
1 1 00 1 1 1 1 
28 


~ptO'~\1~h::aAii 
q 1;~!;;Hin\fllll!GJI 


47 


45 
if INT. taken/ 


if INT. not 


taken 
48/4 


Shaded 
areas 
indicate 
instructions 
not available 
in 8086, 8088 
microsystems. 
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INSTRUCTION 
SET SUMMARY 
(Continued) 


80C186EB 


"' 
. ~ 


Format 
Clock 
Comment. 
Function 
I 
Cycl•• 


PROCESSORCONTROL 


- 


CLC = Clearcarry 
I 
11111000 
I 
2 
I 
I 


r 


CMC = Complementcarry 
11110101 
2 


: 


STC = Setcarry 
I 
11111001 
I 
2 


CLD = Cleardirection 
I 
11111100 
I 
2 


STD = Set direction 
11111101 
I 
2 


CU = Clearinterrupt 
11111010 
2 


STI = Set interrupt 
11111011 
2 
, 


HLT = Halt 
11110100 
2 


WAIT = Wait 
10011011 
6 
if'fEST = 0 


LOCK = Buslock prefix 
11110000 
2 


NOP = No Operation 
I 
10010000 
3 


(TTTLLL are opcodeto processorextension) 


FOOTNOTES 


Shaded 
areas 
indicate 
Instructions 
not available 
In 8086, 8088 
mtcrosystems, 


The Effective Address (EA) of the memory operand 
is computed according to the mod and rim fields: 
if mod 
11 then rim is treated as a REG field 
if mod 
00 then OISP = 0', disp-Iow and disp- 
high are absent 
01 then OISP = disp-Iow sign-ex- 
tended to 16-bits, disp-high is absent 
10 then OISP = disp-high: disp-Iow 
000 then EA = (BX) + (SI) + OISP 
001 then EA = (BX) + (01) + OISP 
010 then EA = (BP) + (SI) + OISP 
011 then EA = (BP) + (01) + OISP 
100 then EA = (SI) + OISP 
101 then EA = (01) + OISP 
110 then EA = (BP) + OISP' 
111 then EA = (BX) + OISP 


if mod 


if mod 
if rim 
if rim 
if rim 
if rim 
if rim 
if rim 
if rim 
if rim 


OISP follows 2nd byte of instruction (before data if 
required) 


'except if mod = 00 and rim = 110 then EA = 
disp-high: disp-Iow. 


EA calculation time is 4 clock cycles for all modes, 
and is included in the execution times given whenev- 
er appropriate. 


Segment Override Prefix 
I 0 
0 
1 
rag 
1 
1 
0 I 


reg is assigned according to the following: 


Segment 
reg 
Register 
00 
ES 
01 
CS 
10 
SS 
11 
OS 


REG is assigned according to the following table: 
16·81t (w = 1) 
8·81t (w = 0) 
OOOAX 
OOOAL 
001 CX 
001 CL 
010 OX 
0100L 
011 BX 
011 BL 
100 SP 
100 AH 
101 BP 
101 CH 
110 SI 
110 OH 
111 01 
111 BH 


The physical addresses of all operands addressed 
by the BP register are computed using the SS seg- 
ment register. The physical addresses of the desti- 
nation operands of the string primitive operations 
(those addressed by the 01 register) are computed 
using the ES segment, which may not be overridden. 
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ERRATA 
The 80C186EB has the following known errata that 
apply to any device with a stepping ID (STEPID) of 
0001H. 
1. A19/0NCE 
is not latched by the rising edge of 
RESIN. A19/0NCE must remain active (LOW) at 
all times to remain in the ONCETMMode. Remov- 
ing A19/0NCE after RESIN is high will return all 
output pins to a driving state, however, the 
80C186EB will remain in a reset state. 
2. During interrupt acknowledge (INTA) bus cycles, 
the bus controller will ignore the state of the 
READY pin if the previous bus cycle ignored the 


REVISION 
HISTORY 
The following changes have been made between 
the -001 version and this (-002) version of the 
80C186EB data sheet. 


1. Figure 1 was updated to correct for incorrect pin 
names (TXD1 and TEST/BUSY), and to rename 
the Powerdown Control Unit to the Power Man- 
agement Unit. 


2..Figure 6 was corrected to indicate that the STEP 
ID register is located at OBCH(not OBAH),and to 
rename the INTx control registers. 


3. Page 12, Power Control Unit was changed to' 


Power Management Unit. 


4. Figure 7 was corrected to indicate that the 
AD15:0 are P(X) rather than P(Z). 
. 


5. Table 3 was updated. The following list of pins 
either had changes to their TYPE field or their 
DESCRIPTIONfield. 
OSCOUT, PDTMR, AD15:0, A19:16, S2:0, DEN, 
LOCK, HLDA, P1.0-P1.7, TxOUT, INT4, SINT1. 


6. Figures 7 and 8 were updated to change pin 
name P2.3/SINT to P2.3/SINT1. 


80C186EB 


state of the READY pin. This errata can only oc- 
cur if the Chip-Select Unit is being used, All active 
chip-selects must be programmed to use READY 
(RDY bit must be programmed to a 1) if wait- 
states are required for INTA bus cycles. 
3. CLKOUT will transition off the rising 
edge of 
CLKIN rather than the falling edge of CLKIN. This 
does not affect any bus timings other than TCD. 


4. RESIN has a hysterisis of only 130 mV. It is rec- 


ommended that RESIN be driven by a Schmitt 
triggered device to avoid processor lockup during • 
reset using an RC circuit. 


7. PDTMR pin capacitance chart was added to 
page 27. 
8. TCD specification was changed to 20, 23, 27 ns 


for the -16, -13, and -8 devices respectively. 


9. Serial port timings on page 32 were updated. 
10. Figures 17 and 18 were updated to correctly 


identify the names of signals affected by RESIN. 
11. Correction of the text describing Figures 30 and 
31. 


12. Changes 14CON register location described in 
Figure 28. 


13. The description of P1CON and P2CON in Figure 
30 was changed to indicate that a 0 selects the 
Port function, while a 1 selects the Peripheral 
function. 
14. Changed Figure 34 description to Power Man- 
agement Unit. 


15. Added RESIN hysterisis anamoly to errata de- 
scriptions. 
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80C187 
80-BIT MATH COPROCESSOR 
• High Peiiormance 
~O-Blt Internal 
• Expands 80C186's Data Types to 
Architecture 
Include 32-, 64-, 80-Blt Floating-Point, 


• Implements ANSIIIEEE Standard 754- 
32-, 64-Bit Integers and 18-Digit BCD 


1985 for Binary Floating-Point 
Operands 


Arithmetic 
• Directly Extends 80C186's Instruction 


• Upward Object-Code Compatible ftom 
Set to Trigonometric, 
Logarithmic, 


8087 
Exponential, and Arithmetic 
Instructions 
for All Data Types 
• Fully Compatible with 387™DX and 
Full-Range Transcendental 
Operations 
387TMSXMath Coprocessors. 
• 
Implements all 387 Architectural 
for SINE, COSINE, TANGENT, 


Enhancements over 8087 
ARCTANGENT, and LOGARITHM 
• Directly Interfaces with 80C186 CPU 
• Built-In Exception Handling 
• 80C186/80C187 
Provide a Softwarel 
• Eight 80-Bit Numeric Registers, Usable 


Binary Compatible Upgrade from 
as Individually Addressable 
General 


80186/82188/8087 
Systems 
Registers or as a Register Stack 
• Available in 40-Pln CERDIP and 44-Pin 


PLCC Package 


(See 
Packaging 
Outlines 
and Dimensions, 
Order 
#231369) 


The Intel 80C187 
is a high·performance 
math coprocessor 
that extends 
the architecture 
of the 80C186 
with 
floating-point, 
extended 
integer, 
and BCD data types. 
A computing 
system 
that 
includes 
the 80C187 
fully 


conforms 
to the IEEE Floating-Point 
Standard. 
The 80C187 
adds over seventy 
mnemonics 
to the instruction 


set of the 80C186, 
including 
support 
for arithmetic, 
logarithmic, 
exponential, 
and trigonometric 
mathematical 


operations. 
The 80C187 
is implemented 
with 1.5 micron, 
high-speed 
CHMOS 
III technology 
and packaged 
in 
both a 40-pin CERDIP and a 44-pin 
PLCC package. 
The 80C187 
is upward 
object-code 
compatible 
from the 
8087 math coprocessor 
and will execute 
code written 
for the 80387DX 
and 80387SX' math coprocessors. 
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CD 
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DATA INTERFACE 
AND 
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UNIT 


32 


FLOATING 
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DBUS 
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BIT) 


OPERAND 
B EXP 
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OPERAND 
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CMDO 
CMD1 
NPWR 
NPRD 
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ERROR 
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cl 
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regtster 
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11 
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REGISTER 
. 
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16-BIT 
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• 
60-BIT 
REGISTER 


REGISTER 
FILE (.tack) 
(8X80 
BIT~) 


CONSTANT 
ROM 
(44X67 
BITS) 
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CONTROL REGISTER 
STATUS REGISTER 
TAG WORD 


Figure 2. Register 
Set 


FUNCTIONAL 
DESCRIPTION 


The 80C187 Math Coprocessor provides arithmetic 
instructions for a variety of numeric data types. It 
also 
executes 
numerous 
built-in transcendental 
functions (e.g. tangent, sine, cosine, and log func- 
tions). The 80C187 effectively extends the register 
and instruction set of the 80C186 CPU for existing 
data types and adds several new data types as well. 
Figure 2 shows the additional registers visible to pro- 
grams in a system that includes the 80C187. Essen- 
tially, the 80C187 can be treated as an additional 
resource or an extension to the CPU. The 80C186 
CPU together with an 80C187 can be used as a sin- 
gle unified system. 


A 80C186 system that includes the 80C187 is com- 
pletely upward compatible with software for the 
8086/8087. 


The 80C187 interfaces only with the 80C186 CPU. 
The interface hardware for the 80C187 is not imple- 
mented on the 80C188. 


PROGRAMMING 
INTERFACE 


The 80C187 adds to the CPU additional data types. 
registers, instructions, and interrupts specifically de- 
signed to facilitate high-speed numerics processing. 
All new instructions and data types are directly sup- 
ported by the assembler and compilers for high-level 
languages. The 
80C187 also 
supports the full 


80387DX instruction set. 


All 
communication 
between 
the 
CPU and the 


80C187 is transparent to applications software. The 


INSTRUCTION POINTER 


DATA POINTER 


CPU automatically controls the 80C187 whenever a 
numerics instruction is executed. All physical memo- 
ry and virtual memory of the CPU are available for 
storage of the instructions and operands of pro- 
grams that use the 80C187. All memory addressing 
modes are available for addressing numerics oper- 
ands. 


The end of this data sheet lists by class the instruc- 
tions that the 80C187 adds to the instruction set. 


NOTE: 


The 80C187 Math Coprocessor is also referred to 
as a Numeric Processor Extension (NPX) in this 
document. 


Data Types 


Table 1 lists the seven data types that the 80C187 
supports and presents the format for each type. Op- 
erands are stored in memory with the least signifi- 
cant digit at the lowest memory address. Programs 
retrieve these values by generating the lowest ad- 
dress. For maximum system performance, all oper- 
ands should start at even physical-memory address- 
es; operands may begin at odd addresses, but will 
require extra memory cycles to access the entire op- 
erand. 


Internally, the 80C187 holds all numbers in the ex- 
tended-precision real format. Instructions that load 
operands from memory automatically convert oper- 
ands represented in memory as 16-, 32-, or 64-bit 
integers, 32- or 64-bit floating-point numbers, or 18- 
digit packed BCD numbers into extended-precision 
real format. Instructions that store operands in mem- 
ory perform the inverse type conversion. 
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80C187 
computations 
use 
the 
extended-precision 


real data type. 


Table 
1: Data Type 
Representation 
In Memory 
• 
~-~-~~ 


80C187 


Numeric Operands 
Register Set 


A typical 
NPX instruction 
accepts 
one or two oper- 


ands and produces 
one (or sometimes 
two) results. 


In two-operand 
instructions, 
one operand 
is the con- 


tents 
of an NPX register, 
while the other 
may be a 


memory location. 
The operands 
of some instructions 


are predefined; 
for example, 
FSQRT 
always 
takes 


the square 
root of the number 
in the top stack ele- 


ment (refer to the section 
on Data Registers). 


Figure 
2 shows 
the 80C187 
register 
set. When 
an 


80C187 
is present 
in a system, 
programmers 
may 


use these 
reg(sters 
in addition 
to the registers 
nor- 
mally available 
on the CPU. 


DATA 
REGISTERS 


Moat 
SIgnificant 
Byte 
HIGHEST ADDRESSED 
BYTE 
Del. 
R.nge 
Preclaion 
017 
017 
017 
017 
017 
017 
017 
017 
017 
01 
Form.ta 
7 


Word 
Integer 
± 1()4 
16 Bits 
11TWO 
S 
COMPLEMENT, 


IS 
0 
t 
. 


Short 
Integer 
±109 
32 Bits 
I'TWO 
s 
COMPLEMENTI 


31 
0 
1 


I, 
• 


Long 
Integer 
±10'8 
64 Bits 
I 
I~TWO·S 
COMPLEMENT, 


63 


H 
-- 
0 


- 


±1018 
si 
x Idll 


MAGNITUOE 
d41 I 
Packed 
BCD 
18 Digits 
dlo 
dl~ 
d", 
Cl,) 
dll 
dll 
d~\I d~ 
d, 
d, '. 
e, 
di 
d~ 
d, 
e , 


7t 
72 
0 


Single Precision 
±10±38 
24 Bits 
.1 
IIASED 
I 
SIGNlflCANO 
I 
S 
EXPONENT 


3. 
23'- I. 
0 


Double 
Precision 
± 10±308 
53 Bits 
si 
IIASED 
I 
SIGNIFICAND 
I 
EXPONENT 


63 
52"- 
0 
•• 


Extended 
f± 10±4932 
64 Bits 
si 
IIMED 
ln 
SIGNIFICAND 
I 
Precision 
EXPONENT 


7t 
•• 63' 
0 
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NOTES: 
1. S = Sign bit (O = Positive. 
1 = Negative) 
2. dn = Decimal 
digit (two per byte) 


3. X = Bits have no significance; 
8OC187 ignores 
when 
loading, 
zeros when 
storing 
4. ••• = Position 
01 implicit 
binary point 
5. I = Integer 
bit 01 signilicand; 
stored 
in temporary 
real, implicit 
in single 
and double 
precision 
6. Exponent 
Bias (normalized 
values): 
Single: 
127 (7FH) 
Double: 
1023 (3FFH) 
Extended 
Real: 
16383 
(3FFFH) 
7. Packed 
BeD: {-l)S 
(D17'" 
00) 
8. Real: (-l)S 
(2E-BIAS) (Fo, F, ... 
) 
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80C187 


TAG (7) I 
TAG (6) I 
TAG (5) I 
TAG (4) I 
TAG (3) I 
TAG (2) I 
TAG (1) I 
TAG (0) 


NOTE: 
The index i of tag (i) is not 
top-relative. 
A program 
typically 
uses the "top" 
field of Status 
Word 
to determine 
which 
tag (i) field refers to logical 
top of stack. 


TAG VALUES: 


00 = Valid 
01 = Zero 
10 = QNaN, 
SNaN, 
Infinity, 
Denormal 
and Unsupported 
Formats 
11 = Empty 


The 80C187 register set can be accessed either as 
a stack, with instructions operating on the top one or 
two stack elements, or as individually addressable 
registers. The TOP field in the status word identifies 
the current top-of-stack register. A "push" operation 
decrements TOP by one and loads a value into the 
new top register. A "pop" operation stores the value 
from the current top register and then increments 
TOP by one. The 80C187 register stack grows 
"down" toward lower-addressed registers. 


Instructions may address the data registers either 
implicitly or explicitly. Many instructions operate on 
the register at the TOP of the stack. These instruc- 
tions implicitly address the register at which TOP 
points. Other instructions allow the programmer to 
explicitly specify which register to use. This explicit 
addressing is also relative to TOP. 


TAG WORD 


The tag word marks the content of each numeric 
data register, as Figure 3 shows. Each two-bit tag 
represents one of the eight data registers. The prin- 
cipal function of the tag word is to optimize the 
NPX's performance and stack handling by making it 
possible to distinguish between empty and nonemp- 
ty register locations. It also enables exception han- 
dlers to identify special values (e.g. NaNs or denor- 
mals) in the contents of a stack location without the 
need to perform complex decoding of the actual 
data. 


STATUS 
WORD 


The 16-bit status word (in the status register) shown' 
in Figure 4 reflects the overall state of the 80C187. It 
may be read and inspected by programs. 


15 


Bit 15, the B-bit (busy bit) is included for 8087 com- 
patibility only. It always has the same value as the 
ES bit (bit 7 of the status word); it does not indicate 
the status of the BUSY output of 80C187. 


Bits 13-11 (TOP) point to the 80C187 register that 
is the current top-of-stack. 


The four numeric condition code bits (C3-CO) are 
similar to the flags in a CPU; instructions that per- 
form arithmetic operations update these bits to re- 
flect the outcome. The effects of these instructions 
on the condition code are summarized in Tables 2 
through 5. 


Bit 7 is the error summary (ES) status bit. This bit is 
set if any unmasked exception bit is set; it is clear 
otherwise. If this bit is set, the ERROR signal is as- 
serted. 


Bit 6 is the stack flag (SF): This bit is used to distin- 
guish invalid operations due to stack overflow or un- 
derflow from other kinds of invalid operations. When 
SF is set, bit 9 (C1) distinguishes between stack 
overflow (C1 = 1) and underflow (C1 = 0). 


Figure 4 shows the six exception flags in bits 5-0 of 
the status word. Bits 5-0 are set to indicate that the 
80C187 has detected an exception while executing 
an instruction. A later section entitled "Exception. 
Handling" explains how they are set and used. 


Note that when a new value is loaded into the status 
word by the FLDENV or FRSTOR instruction, the 
value of ES (bit 7) and its reflection in the B-bit (bit 
15) are not derived from the values loaded from 
memory but rather are dependent upon the values of 
the exception flags (bits 5-0) in the status word and 
their corresponding masks in the control word. If ES 
is set in such a case, the ERROR output of the 
80C187 is activated immediately. 


o 


Figure 3. Tag Word 
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~--------------------------------BUSY 
rm=rrr 
TOP OF STACK 
POINTER 
lllllli-:--:--------:---- 
CONDITION 
CODE 


EXCEPTION 
FLAGS: 


PRECISION 
----------' 
UNDERFLOW --------..1 


OVERFLOW 
-------------~--' 
ZERO 
DIVIDE --------------.:----...1 
DENORt.4ALlZED 
OPERAND ------..1 


INVALID 
OPERATION 
----------' 


ES is set if any unmasked 
exception 
bit is set; cleared 
otherwise. 


See Table 
2 for interpretation 
of condition 
code. 


TOP values: 


000 
~ 
Register 
0 is Top of Stack 
OOt ~ 
Register 
1 is Top of Stack 
. 


111 
~ 
Register 
7 is Top of Stack 
For definitions 
of exceptions, 
refer to the section 
entitled, 
"Exception 
Handling" 


Figure 4. Status Word 
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CONTROL 
WORD 


The NPX provides 
several 
processing 
options 
that are selected 
by loading 
a control 
word from memory 
into 
the control 
register. 
Figure 5 shows the format 
and encoding 
of fields in the control 
word. 


Table 2. Condition 
Code Interpretation 


Instruction 
CO(S) 
I 
C3(Z) 
C1(A) 
C2(C) 


FPREM, FPREM1 
Three Least Significant 
Reduction 
(See Table 3) 
Bits of Ouotient 
0= 
Complete 
02 
00 
01 
1 = Incomplete 


I 
oro/D 


FCOM, FCOMP, 
FCOMPP, FTST 
Result of Comparison 
Zero or 
Operand 
is not 
FUCOM, FUCOMP, 
(See Table 4) 
olD 
Comparable 
(Table 4) 
FUCOMPP, 
FICOM, 
FICOMP 


FXAM 
Operand 
Class 
Sign 
Operand 
Class 
(See Table 5) 
orO/D 
(Table 5) 


FCHS, FABS, FXCH, 
FINCSTP, 
FDECSTP, 
Constant 
Loads, 
UNDEFINED 
Zero 
UNDEFINED 
FXTRACT, 
FLD, 
oro/D 
FILD, FBLD, 
FSTP (Ext Real) 


FIST, FBSTP, 
FRNDINT, 
FST, 
FSTP, FADD, FMUL, 
UNDEFINED 
Roundup 
UNDEFINED 
FDIV, FDIVR, 
oro/D 
FSUB, FSUBR, 
FSCALE, 
FSORT, 
FPATAN, 
F2XM1, 
FYL2X, FYL2XP1 


FPTAN, FSIN, 
UNDEFINED 
Roundup 
Reduction 
FCOS, FSINCOS 
oro/D, 
0= 
Complete 
Undefined 
1 = Incomplete 
ifC2 
= 1 


FLDENV, 
FRSTOR 
Each Bit Loaded from Memory 


FLDCW, FSTENV, 
FSTCW, FSTSW, 
UNDEFINED 
FCLEX, FIN IT, 
FSAVE 


.. 
O/U 
When both lE and SF bits of status word are set, Indicating a stack exception, this bit distinguishes between 
stack overflow (C1 = 1) and underflow (C1 = 0). 
Reduction 
If FPREM or FPREM1 produces a remainder that is less than the modulus, reduction is complete. When 
reduction is incomplete the value at the top of the stack is a partial remainder, which can be used as input to 
further reduction. For FPTAN, FSIN, FCOS, and FSINCOS,the reduction bit is set if the operand at the top of 
the stack is too large. In this case the original operand remains at the top of the stack. 


Roundup 
When the PE bit of the status word is set, this bit indicates whether one was added to the least significant bit of 
the result during the last rounding. 
UNDEFINED Do not rely on finding any specific value in these bits. 
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The 
low-order 
byte of this control 
word 
configures 
exception 
masking. 
Bits 
5-0 
of the 
control 
word 
contain 
individual 
masks 
for each of the six excep- 
tions that the 80C187 
recognizes. 


The high-order 
byte of the control 
word 
configures 
the 
80C187 
operating 
mode, 
including 
precision, 
rounding, 
and infinity control. 


• 
The "infinity 
control 
bit" (bit 12) is not meaningful 
to the 80C187, 
and programs 
must ignore its val- 
ue. To maintain 
compatibility 
with the 8087, this 
bit can be programmed; 
however, 
regardless 
of 
its value, the 80C187 
always treats 
infinity 
in the 
affine 
sense 
(- 
00 < + 00). This bit is initialized 
to zero both after a hardware 
reset and after the 
FINIT instruction. 


• 
The rounding 
control 
(RC) bits (bits 11 -10) 
pro- 
vide for directed 
rounding 
and true chop, as well 


as the 
unbiased 
round 
to 
nearest 
even 
mode 
specified 
in the IEEE standard. 
Rounding 
control 
affects 
only 
those 
instructions 
that 
perform 
rounding 
at the end of the operation 
(and thus 
can 
generate 
a 
precision 
exception); 
namely, 


FST, FSTP, FIST, all arithmetic 
instructions 
(ex- 
cept 
FPREM, 
FPREM1, 
FXTRACT, 
FABS, 
and 
FCHS), and all transcendental 
instructions. 


• 
The precision 
control 
(PC) bits (bits 9-8) 
can be 
used to set the 80C187 
internal 
operating 
preci- 


sion of the significand 
at less than the default 
of 
64 bits (extended 
precision). 
This can be useful in 
• 
providing 
compatibility 
with early generation 
arith- 
metic processors 
of smaller 
precision. 
PC affects 
only the instructions 
ADD, SUB, DIV, MUL, and 
SQRT. For all other instructions, 
either the preci- 
sion 
is determined 
by the 
opcode 
or extended 
precision 
is used. 
/ 


Table 3. Condition 
Code Interpretation 
after FPREM and FPREM1 
Instructions 


Condition 
Code 
Interpretation 
after 


C2 
C3 
C1 
CO 
FPREM and FPREM1 


Incomplete 
Reduction: 


1 
X 
X 
X 
Further Iteration 
Required 
for Complete 
Reduction 
. 


Q1 
QO 
.Q2 
QMOD8 


0 
0 
0 
0 
0 
1 
0 
1 
Complete 
Reduction: 
1 
0 
0 
I· 
2 
CO, C3, C1 Contain Three Least 
0 
1 
1 
0 
3 
Significant 
Bits of Quotient 
0 
0 
1 
4 
0 
1 
1 
5 
1 
0 
1 
6 
1 
1 
1 
7 
• 
J 
I, 


Table 4. Condition 
Code Resulting 
from Comparison 


Order 
C3 
C2 
CO 


TOP> 
Operand 
0 
0 
0 
TOP < Operand 
0 
0 
1 
TOP = Operand 
1 
0 
0 
unordered 
1 
1 
1 
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Table 5. Condition 
Code Defining Operand 
Class 


C3 
C2 
C1 
CO 
Value at TOP 


0 
0 
0 
0 
+ Unsupported 
0 
0 
0 
1 
+ NaN 
0 
0 
1 
0 
~ 
, 


- 
Unsupported 
',. 


0 
0 
1 
1 
- 
NaN 
0 
1 
0 
0 
+ Normal 
0 
1 
0 
1 
+ Infinity 
, 
, 
, 


0 
1 
< 
1 
0 
- 
Normal 
0 
1 
1 
1 
, 
- 
Infinity 
1 
0 
0 
0 
+0 
, 
1 
0 
0 
1 
, 
+ Empty 
1 
0 
1 
0 
-0 
1 
0 
1 
1 
- 
Empty 
1 
1 
0 
0 
+ Denormal 
1 
1 
1 
1 
- 
Denormal 


INSTRUCTION 
AND DATA 
POINTERS 


Because the NPX operates in parallel with the CPU, 
any exceptions detected by the NPX may be report- 
ed after the CPU has executed the ESC instruction 
which caused it. To allow identification of the failing 
numerics instruction, the 80C187 contains registers 
that aid in diagnosis. These registers supply the op- 
code of the failing numerics instruction, the address 
of the instruction, and the address of its numerics 
memory operand (if appropriate). 


The instruction and data pointers are provided for 
user-written 
exception 
handlers. 
Whenever 
the 
80C187 executes a new ESC instruction, it saves 
the address of the instruction (including any prefixes 
that may be present), the address of the operand (if 
present), and the opcode. 


The instruction and data pointers appear in the for- 
mat shown 
by 
Figure 6. The 
ESC instruction 
FLDENV, FSTENV, FSAVE and FRSTOR are used 
to transfer these values between the registers and 
memory. Note that the value of the data pointer is 
undefined 
if the prior ESC instruction did not have a 
memory operand. 


Interrupt 
Description 


CPU interrupt 16 is used to report exceptional condi- 
tions while executing numeric programs. Interrupt 16 
indicates that the 
previous numerics instruction 
caused an unmasked exception. The address of the 
faulty instruction and the address of its operand are 
stored in the instruction pointer and data pointer reg- 
isters. Only ESC instructions can cause this inter- 


rupt. The CPU return address pushed onto the stack 
of the exception handler points to an ESC instruction 
(including prefixes). This instruction can be restarted 
after clearing the exception condition in the NPX. 
FNINIT, 
FNCLEX, 
FNSTSW, 
FNSTENV, 
and 
FNSAVE cannot cause this interrupt. 


Exception 
Handling 


The 80C187 detects six different exception condi- 
tions that can occur during instruction execution. Ta- 
ble 6 lists the exception conditions in order of prece- 
dence, showing for each the cause and the default 
action taken by the 80C187 if the exception is 
masked by its corresponding mask bit in the control 
word. 


Any exception that is not masked by the control 
word sets the corresponding exception flag of the 
status word, sets the ES bit of the status word, and 
asserts the ERROR signal. When the CPU attempts 
to execute another ESC instruction, interrupt 16 oc- 
curs. The exception condition must be resolved via 
an interrupt service routine. The return address 
pushed onto the CPU stack upon entry to the serv- 
ice routine does not necessarily point to the failing 
instruction nor to the following instruction. The 
80C187 saves the address of the floating-point in- 
struction that caused the exception and the address 
of any memory operand required by that instruction. 


If error trapping is required at the end of a series of 
numerics instructions (specifically, when the last 
ESC instruction modifies memory data and that data 
is used in subsequent nonnumerics instructions), it is 
necessary to insert the FNOP instruction to force the 
80C187 to check its ERROR input. 
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r-T"'T'"--------------- 
RESERVED 


1 
--------- 
(INFINITY 
CONTROL) 
• 
n-rr------- 
ROUNDING CONTROL 
-------- 
PRECISION CONTROL 


15 
7 
0 
~ 
~ 


RESERVED 


EXCEPTION MARKS: 
PRECISION 
UNDERFLOW 
----.,....--~ 
OVERFLOW 
ZERO DIVIDE ----------' 
DENORMALlZED 
OPERAND 
-------~ 
INVALID 
OPERATION ----------' 
270640-4 
PrecisionControl 
RoundingControl 
00- 
24 Bits (Single Precision) 
00- 
Round to Nearest or Even 
01- 
(Reserved) 
01- 
Round Down (toward 
- =) 
10- 
53 Bits (Double Precision) 
10- 
Round Up (toward + =) 
11- 
64 Bits (Extended 
Precision) 
11- 
Chop (Truncate toward Zero) 
'The 
"infinity 
control" 
bit is not 
meaningful 
to the 
80C187. 
To 
maintain 
compatibility 
with 
the 
8087, 
this 
bit can 
be 
programmed; 
however, 
regardless 
of its value, 
the 8OC187 treats 
infinity 
in the affine 
sense 
(- 
00 < + 00). 


Figure 5. Control 
Word 


15 
> 
7 
., 
0 


CONTROL WORD 


" 


- 
STATUS WORD 


J 
. 


TAG WORD 


., 


~, 
INSTRUCTION POINTER'5,.O 


IP' s.,'6 
I 
0 I 
OPCODE,o..o 
, 


OPERAND POINTER'5..0 


OP' s.,'6 
I 
0 I 0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


+0 


+2 


+4 


+6, 


+8 


+A 


+C 


Figure 6. Instruction 
and Data Pointer 
Image In Memory 
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Zero Divisor 
The divisor is zero while the dividend 
Result is 00 


is a noninfinite, 
nonzero 
number 


Overflow 
The result is too large in magnitude 
Result is largest finite 


to fit in the specified 
format 
value or 
00 


Underflow 
The true result is nonzero 
but too small 
Result is denormalized 


to be represented 
in the specified 
format, and, 
or zero 


if underflow 
exception 
is masked, denormalization 
causes loss of accuracy 


Inexact 
The true result is not exactly representable 
Normal processing 
Result 
in the specified 
format 
(e.g. 1/3); 
continues 


(Precision) 
the result is rounded according 
to the 
rounding 
mode 
. - 


Initialization 


After 
FNINIT 
or RESET, 
the control 
word 
contains 


the value 
037FH 
(all exceptions 
masked, 
precision 
control 
64 bits, rounding to nearest) the same values 
as in an 8087 after RESET. For compatibility 
with the 
8087, the bit that used to indicate 
infinity control 
(bit 
12) is set to zero; however, 
regardless 
of its setting, 
infinity is treated 
in the affine sense. After FNINIT or 


RESET, the status word is initialized 
as follows: 


• 
All exceptions 
are set to zero. 


• 
Stack TOP is zero, so that after the first push the 
stack top will be register 
seven (111 B). 


• 
The condition 
code C3-CO is undefIned. 


• 
The B-bit is zero. 


The tag word 
contains 
FFFFH 
(all stack 
locations 


are empty). 


80C186/80C187 
initialization 
software 
should 
exe- 
cute an FNINIT 
instruction 
(Le. an FINIT without 
a 
preceding 
WAIT) 
after 
RESET. 
The 
FNINIT 
is not 


strictly 
required 
for 
80C187 
software, 
but 
Intel 


recommends 
its use to help ensure upward compati- 


bility with other processors. 


8087 Compatibility 


This 
section 
summarizes 
the 
differences 
between 
the 80C187 and the 8087. Many changes 
have been 


designed 
into 
the 
80C187 
to 
directly 
support 
the 


IEEE standard 
in hardware. 
These changes 
result in 
increased 
performance 
by elminating 
the 
need 
for 


software 
that supports 
the standard. 


GENERAL 
DIFFERENCES 


The 
8087 
instructions 
FENIIFNENI 
and 
FDISII 


FNDISI 
perform 
no useful 
function 
in the 
80C187 
Numeric 
Processor 
Extension. 
They do not alter the 


state of the 80C187 
Numeric 
Processor 
Extension. 


(They 
are 
treated 
Similarly 
to 
FNOP, 
except 
that 


ERROR 
is not 
checked.) 
While 
8086/8087 
code 


containing 
these 
instructions 
can 
be executed 
on 


the 80C186/80C187, 
it is unlikely that the exception- 
handling 
routines 
containing 
these 
instructions 
will 


be completely 
portable 
to the 80C187 
Numeric 
Proc- 


essor Extension. 


The 80C187 
differs 
from 
the 8087 
with 
respect 
to 
instruction, 
data, and exception 
synchronization. 
Ex- 


cept for the processor 
control 
instructions, 
all of the 


80C187 
numeric 
instructions 
are automatically 
syn- 


chronized 
by the 80C186 CPU. When necessary, 
the 
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80C186 automatically tests the BUSY line from the 
80C187 Numeric Processor Extension to ensure that 
the 80C187 Numeric Processor Extension has com- 
pleted its previous instruction before executing the 
next ESC instruction. No explicit WAIT instructions 
are required to assure this synchronization. For the 
8087 used with 8086 and 8088 CPUs,explicit WAITs 
are required before each numeric instruction to en- 
sure 
synchronization. 
Although 
8086/8087 
pro- 
grams having explicit WAIT instructions will execute 
on the 80C186/80C187, these WAIT instructions 
are unnecessary. 


The 80C187 supports only affine closure for infinity 
arithmetic, not projective closure. 


Operands for FSCALE and FPATAN are no longer 
restricted in range (except for ± 00); 
F2XM1 and 
FPTAN accept a wider range of operands. 


Rounding control is in effect for FLD constant. 


Software cannot change entries of the tag word to 
values (other than empty) that differ from actual reg- 
ister contents. 


After reset, FINIT, and incomplete FPREM, the 
80C187 resets to zero the condition code bits C3- 
Co of the status word. 


In conformance with the IEEE standard, the 80C187 
does 
not 
support 
the 
special 
data 
formats 
pseudozero, pseudo-NaN, pseudoinfinity, and un- 
normal. 


The denormal exception has a different purpose on 
the 80C187. A system that uses the denormal-ex- 
ception handler solely to normalize the denormal op- 
erands, would better mask the denormal exception 
on the 80C187. The 80C187 automatically normal- 
izes denormal operands when the denormal excep- 
tion is masked. 


EXCEPTIONS 


A number of differences exist due to changes in the 
IEEE standard and to functional improvements to 
the architecture of the 80C186/80C187: 
1. The80C186/80C187 
traps exceptions only on 
the next ESC instruction; i.e. the 80C186 does not 
notice 
unmasked 80C187 exceptions 
on the 
80C186 ERROR input line until a later numerics 
instruction is executed. Because the 80C186 
does not sample ERROR on WAIT and-FWAIT 
instructions, programmers should place an FNOP 
instruction at the end of a sequence of numerics 
instructions to force the 80C186 to sample its 
ERROR input. 


2. The 80C187 Numeric Processor Extension sig- 


nals exceptions through a dedicated ERROR line 
to the CPU. The 80C187 error signal does not 
pass through an interrupt controller (the 8087 INT 
signal does). Therefore, any interrupt-controller- 
oriented instructions in numerics exception han- 
dlers for the 8086/8087 should be deleted. 
3. Interrupt vector 16 must point to the numerics ex- 


ception handling routine. 


4. The ESC instruction address saved in the 80G187 


Numeric Processor Extension includes any lead- 
ing prefixes before the ESG opcode. The corre- 
sponding address saved in the 8087 does not 
include leading prefixes. 


5. When the overflow or underflow exception is 


masked, the 80G187 differs from the 8087 in 
rounding when overflow or underflow occurs. The 
80C187 produces results that are consistent with 
the rounding mode. 
6. When the underflow exception is masked, the 


80C187 sets its underflow flag only if there is also 
.a loss of accuracy during denormalization. 


7. Fewer invalid-operation exceptions due to denor- 
mal operands, because the instructions FSQRT, 
FDIV, FPREM, and conversions to BGDor to inte- 
ger normalize denormal operands before pro- 
ceeding. 
8. The FSQRT, FBSTP, and FPREM instructions 


may cause underflow, because they support de- 
normal operands. 


9. The denormal exception can occur during the 
transcendental instructions and the FXTRACT in- 
struction. 
10. The denormal exception no longer takes prece- 
dence over all other exceptions. 
11. When the denormal exception is masked, the 


80C187 automatically normalizes denormal op- 
erands. The 8087 performs unnormal arithmetic, 
which might produce an unnormal result. 


12. When the operand is zero, the FXTRACT in- 


struction reports a zero-divide exception and 
leaves - 
00 in ST(1). 


13. The status word has a new bit (SF) that signals 


when invalid-operation exceptions are due to 
stack underflow or overflow. 


14. FLD extended 
precision 
no longer reports denor- 


mal exceptions, because the instruction is not 
numeric. 


15. FLD single/double 
precision 
when the operand 
is denormal converts the number to extended 
precision and signals the denormalized oper- 
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and exception. 
When 
loading 
a signalling 
NaN, 
FLD single/double precision signals 
an invalid- 
operand 
exception. 


16. The 80C187 
only generates 
quiet 
NaNs 
(as on 
the 
8087); 
however, 
the 
80C187 
distinguishes 
between 
quiet 
NaNs 
and signalling 
NaNs. 
Sig- 
nalling 
NaNs 
trigger 
exceptions 
when 
they 
are 
used as operands; 
quiet NaNs'do 
not (except for 
FCOM, FIST, and FBSTP which also raise lE for 
quiet NaNs). 


17. When 
stack overflow 
occurs 
during 
FPTAN and 
overflow 
is masked, 
both ST(O) and ST(1) con- 
tain 
quiet 
NaNs. 
The 
8087 
leaves 
the 
original 
operand 
in ST(1) intact. 


18. When 
the 
scaling 
factor 
is ± 00, 
the 
FSCALE 
(ST(O), 
ST(1) 
instruction 
behaves 
as 
follows 


(ST(O) and ST(1) contain 
the scaled 
and scaling 
operands 
respectively): 


• FSCALE 
(0, 
00) 
generates 
the invalid 
opera- 
tion exception. 


• FSCALE 
(finite, 
- 
00) generates 
zero with th~ 
same sign as the scaled, operand. 


• FSCALE 
(finite, + 00) 
generates 
00 
with 
the 
same sign as the scaled 
operand. 


The 8087 returns zero in the first case and rais- 
es the 
invalid-operation 
exception 
in the 
other 
cases. 


19. The 80C187 
returns 
signed 
infinity/zero 
as the 
unmasked 
response 
to massive 
overflow/under- 
flow. The 8087 supports 
a limited 
range for the 
scaling 
factor; 
within 
this 
range 
either 
massive 
overflow/underflow 
do 
not 
occur 
or undefined 
results are produced. 


Table 7 Pin Summary 


Pin 
Function 
Active 
Input! 
Name 
State 
Output 


CLK 
CLocK 
I 
CKM 
ClocKing 
Mode 
I 
RESET 
System reset 
High 
I 
' 


PEREQ 
Processor 
Extension 
High 
0 
REQuest 
BUSY 
Busy status 
High 
0 
ERROR 
Error status 
Low 
0 


D15-DO 
Data pins 
High 


.1 
110 
NPRD 
Numeric 
Processor 
ReaD 
Low 
I 
NPWR 
Numeric 
Processor 
WRite 
Low 
'. 
I 


NPS1 
NPX select # 1 
Low 
I ~ 


NPS2 
NPX select # 2 
High 
I 
CMDO 
CoMmanDO 
High 
I 
I 


CMD1 
CoMmanD 
1 
' High 
I 


Vcc 
System power 
I 
Vss 
System ground 
I , 
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HARDWARE 
INTERFACE 


In the following 
description 
of hardware 
interface, 
an 
overbar 
above 
a signal name indicates 
that the ac- 
tive or asserted 
state occurs 
when the signal is at a 
low voltage. 
When 
no overbar 
is present 
above the 
signal name, the signal is asserted 
when at the high 
voltage 
level. 


Signal Description 


In the following 
signal descriptions, 
the 80C187 
pins 
are grouped 
by function 
as follows: 


1. Execution 
Control- 
ClK, 
CKM, RESET 


2. NPX Handshake- 
PEREQ, 
BUSY, ERROR 


3. Bus Interface 
Pins- 
D15-DO, NPWR, NPRD 


4. Chip/Port 
Select- 
NPS1, NPS2, CMDO, CMD1 


5. Power Supplies- 
vcc. vse 


Table 
7 lists every pin by its identifier, 
gives a brief 
description 
6f its function, 
and lists some of its char- 
acteristics. 
Figure 
7 shows 
the locations 
of pins on 
the CERDIP package, 
while Figure 8 shows the loca- 
tions of pins on the PlCC 
package. 
Table 8 helps to 
locate 
pin identifiers 
in Figures 7 and 8. 


Clock (ClK) 


This input provides 
the basic timing for internal oper- 
ation. This pin does 
not require 
MOS-Ievel 
input; it 
will operate 
at either 
TTl 
or MOS levels 
up to the 
maximum 
allowed 
frequency. 
A minimum 
frequency 
must be provided 
to keep the internal 
logic properly 
functioning. 
Depending 
on the signal 
on CKM, the 
signal on ClK 
can be divided 
by two to produce 
the 
internal 
clock 
signal (in which 
case ClK 
may be up 
to 32 MHz in frequency), 
or can be used directly 
(in 
which case ClK 
may be up to 12.5 MHz). 


Clocking Mode (CKM) 


This pin is a strapping 
option. 
When it is strapped 
to 
vcc (HIGH), 
the 
ClK 
input 
is used 
directly; 
when 
strapped 
to Vss (lOW), 
the ClK 
input is divided 
by 
two to produce 
the internal 
clock 
signal. 
During the 
RESET sequence, 
this input must be stable at least 
four internal clock cycles (Le. ClK 
clocks when CKM 
is HIGH; 2 x ClK 
clocks when CKM is lOW) 
before 
RESET goes lOW. 


Yss 
Vcc 


N.C.- 
CKIA 


vee 
vss 


vss 
vee 


015 
Yss 


014 
RESET 


013 
NPSl 


012 
NPS2 


vee 
CLK • 


Yss 
CIAOl 


011 
vss 


010 
CIADO 


"cc 
NPWR 


09 
NPRO 


08 
ERROR 


!ry 
BUSY 


06 
PEREQ 


05 
DO 


004 
01 
03 
O2 


"N.C. = Pin Not Connected 
270640-5 


. Figure 7. CERDIP Pin Configuration 


°104 
RESET 


°13 
NPSl 


012 
NPS2 


Vcc 
CLK 


N.C.- 
CMOl 


Vss 
Yss 
011 
N.C.- 


°10 
CMDO 


Vee 
NPWR 


09 
NPRO 


Os 
ERROR 


60IDOII)O"~d 
CNCOO~ 
~ 
Z 
~ 
CD 


"N.C. = Pin Not Connected 
"""Top View" means as the package is seen from the 
component side of the board. 
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Figure 8. PlCC Pin Configuration 
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Table 8. PLCC Pin Cross-Reference 


Pin Name 


BUSY 
CKM 
ClK 
CMOO 
CM01 
Do 
01 
02 
03 
04 
05 
06 
07 
08 
09 
010 
011 
012 
013 
014 
015 
ERROR 
No Connect 
NPRO 
NPS1 
NPS2 
NPWR 
PEREO 
RESET 
Vcc 
Vss 


CERDIP 
Package 
PLCC Package 


25 
39 
32 
29 
31 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
12 
11 
8 
7 
6 
5 
26 
2 
27 
34 
33 
28 
24 
35 
3,9,13,37,40 
1,4,10,30,36,38 


28 
44 
36 
32 
35 
26 
25 
24 
22 
21 
20 
19 
18 
17 
16 
14 
13 
9 
8 
7 
5 
29 
6,11,23,33,40 
30 
38 
37 
31 
27 
39 
1,3,10,15,42 
2,4,12,34,41,43 


Table 9. Output 
Pin Status during Reset 
System 
Reset 
(RESET) 


A lOW 
to HIGH 
transition 
on this 
pin causes 
the 
80C187 
to terminate 
its present 
activity and to enter 
a dormant 
state. RESET must remain active (HIGH) 
for at least four internal 
clock 
periods. 
(The relation 
of 
the 
internal 
clock 
period 
to 
ClK 
depends 
on 
ClKM; 
the internal 
clock 
may be different 
from that 
of the CPU.) Note that the 80C187 
is active internal- 
ly for 25 clock 
periods 
after 
the termination 
of the 
RESET 
signal 
(the HIGH to lOW 
transition 
of RE- 
SET); 
therefore, 
the first 
instruction 
should 
not be 
written 
to the 80C187 
until 25 internal 
clocks 
after 
the falling edge of RESET. Table 9 shows the status 
of the output pins during the reset sequence. 
After a 
reset, all output 
pins return to their inactive 
states. 


Output 
Value 
Pin Name 
during Reset 


BUSY 
HIGH 


ERROR 
HIGH 


.. 


PEREO 
lOW 


015-00 
TRI-STATE 
OFF 


Processor 
Extension 
Request 
(PEREQ) 


When 
active, 
this 
pin signals 
to the 
CPU that 
the 
80C187 
is ready for data transfer 
to/from 
its data 
FIFa. 
When there are more than five data transfers, 
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PEREQ is deactivated after the first three transfers 
and subsequently after every four transfers. This sig- 
na1always goes inactive before BUSY goes inactive. 


Busy Status 
(BUSY) 


When active, this pin signals to the CPU that the 
80C187 is currently executing an instruction. This 
pin is active HIGH. It should be connected to the 
80C186's TEST/BUSY pin. During the RESET se- 
quence this pin is HIGH. The 80C186 uses this 
HIGH state to detect the presence of an 80C187. 


Error Status 
(ERROR) 


This pin reflects the ES bit of the status register. 
When active, it indicates that an unmasked excep- 
tion has occurred. This signal' can be changed to 
inactive state only by the following instructions (with- 
out 
a 
preceding 
WAIT): 
FNINIT, 
FNClEX, 
FNSTENV, 
FNSAVE, 
FlDCW, 
FlDENV, 
and 
FRSTOR. This pin should be connected to the 
ERROR pin of the CPU. ERROR can change state 
only when BUSY is active. 


Data Pins (015-00) 


These bidirectional pins are used to transfer data 
and opcodes between the CPU and 80C187. They 
are normally connected directly to the correspond- 
ing CPU data pins. Other buffersldrivers driving the 
local data bus must be disabled when the CPU 
reads from the NPX. High state indicates a value of 
one. Do is the least Significant data bit. 


Numeric 
Processor 
Write (NPWR) 


A signal on this pin enables transfers of data from 
the CPU to the NPX. This input is valid only when 
NPS1 and NPS2 are both active. 


Numeric 
Processor 
Read (NPRO) 


A signal on this pin enables transfers of data from 
the NPX to the CPU. This input is valid only when 
NPS1 and NPS2 are both active. 


Numeric 
Processor 
Selects 
(NPS1 and NPS2) 


Concurrent assertion of these signals indicates that 
the CPU is performing an escape instruction and en- 
ables the 80C187 to execute that instruction. No 


data transfer involving the 80C187 occurs unless the 
device is selected by these lines. 


Command 
Selects 
(CMOO and CM01) 


These pins along with the select pins allow the CPU 
to direct the operation of the 80C187. 


System 
Power 
(Vcc) 


System power provides the + 5V ± 10% DC supply 
input. All vcc pins should be tied together on the 
circuit board and local decoupling capacitors should 
be used between vcc and Vss 


System 
Ground 
(Vss) 


All VSS pins should be tied together on the circuit 
board and local decoupling capacitors should be 
used between vcc and vss 


Processor 
Architecture 


As shown by the block diagram (Figure 1), the 
80C187 NPX is internally divided into three sections: 
the bus control logic (BCl), the data interface and 
control unit, and the floating-point unit (FPU). The 
FPU (with the support of the control unit which con- 
tains the sequencer and other support units) exe- 
cutes all numerics instructions. The data interface 
and control unit is responsible for the data flow to 
and from the FPU and the control registers, for re- 
ceiving the instructions, decoding them, and se- 
quencing the microinstructions, and for handling 
some of the administrative instructions. The BCl is 
responsible for CPU bus tracking and interface. 


BUS CONTROL 
LOGIC 


The BCl communicates solely with the CPU using 
1/0 bus cycles. The BCl appears to the CPU as a 
special peripheral device. It is special in two re- 
spects: the CPU initiates 1/0 automatically when it 
encounters ESC instructions, and the CPU uses re- 
served 1/0 addresses to communicate with the BCl. 
The BCl does not communicate directly with memo- 
ry. The CPU performs all memory access, transfer- 
ring input operands from memory to the 80C187 and 
transferring outputs from the 80C187 to memory. A 
dedicated communication protocol makes possible 
high-speed transfer of opcodes and operands be- 
tween the CPU and 80C187. 
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Table 
10. Bus Cycles 
Definition 


NPS1 
NPS2 
CMDO 
CMD1 
NPRD 
NPWR 
Bus Cycle 
Type 
• 


x 
0 
x 
x 
x 
x 
80C187 
Not Selected 
1 
x 
x 
x 
x 
x 
80C187 
Not Selected 


0 
1 
0 
0 
1 
0 
Opcode 
Write to 80C187 


0 
1 
0 
0 
0 
1 
CW or SW Read from 80C187 


0 
1 
1 
0 
0 
1 
Read Data from 80C187 


0 
1 
1 
0 
1 
0 
Write Data to 80C187 


0 
1 
0 
1 
1 
1 
0 
Write Exception 
Pointers 


0 
1 
0 
1 
0 
1 
Reserved 
0 
1 
, 
1 
1 
0 
1 
Read Opcode 
S~atus 


0 
1 
1 
1 
1 
0 
Reserved 


DATA 
INTERFACE 
AND CONTROL 
UNIT 


The data interface 
and control 
unit latches 
the data 


and, subject 
to BCl 
control, 
directs 
the data to the 


FIFO or the instruction 
decoder. 
The instruction 
de- 


coder decodes 
the ESC instructions 
sent to it by the 


CPU and generates 
controls 
that direct the data flow 


in the FIFO. It also triggers 
the microinstruction 
se- 


quencer 
that controls 
execution 
of each instruction. 
If the 
ESC 
instruction 
is FINIT, 
FClEX, 
FSTSW, 
FSTSW 
AX, 
FSTCW, 
.FSETPM, 
or 
FRSTPM, 
the 


control 
executes 
it independently 
of the FPU and the 


sequencer. 
The data interface 
and control 
unit is the 


one that generates 
the BUSY, PEREQ, and ERROR 


signals 
that 
synchronize 
80C187 
activities 
with the 


CPU. 


FLOATING-POINT 
UNIT 


The 
FPU executes 
all instructions 
that 
involve 
the 


register stack, including 
arithmetic, 
logical, transcen- 


dental, 
constant, 
and data transfer 
instructions. 
The 


data path in the FPU is 84 bits wide (68 significant 
bits, 15 exponent 
bits, and a sign bit) which 
allows 
internal 
operand 
transfers 
to be performed 
at very 


high speeds. 


Bus Cycles 


The 
pins 
NPS1, 
NPS2, 
CMDO, CMD1, 
NPRD 
and 
NPWR identify bus cycles for the NPX. Table 10 de- 
fines the types of 80C187 
bus cycles. 


80C187 
ADDRESSING 


The 
NPS1, NPS2, 
CMDO, and CMD1 
signals 
allow 


the NPX to identify which bus cycles are intended 
for 
the NPX. The NPX responds 
to 1/0 cycles when the 


1/0 
address 
is 00F8H, 
OOFAH, OOFCH, or OOFEH. 


The 
correspondence 
betwen 
1/0 
addresses 
and 


control 
signals is defined 
by Table 
11. To guarantee 


correct 
operation 
of the 
NPX, 
programs 
must 
not 


perform 
any 1/0 
operations 
to these 
reserved 
port 


addresses. 


Table 
11.110 Address 
Decoding 


110 Address 
8OC187 Select 
and Command 
Inputs 


(Hexadecimal) 
NPS2 
NPS1 
CMD1 
CMDO 


00F8 
1 
0 
0 
0 


OOFA 
1 
0 
0 
1 


OOFC 
1 
0 
1 
0 
. 


OOFE 
1 
0 
1 
1 


; 
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OPCODE 
INTERPRETATION 
CPU/NPX 
SYNCHRONIZATION 


The pins BUSY, PEREQ, and ERROR are used for 
various aspects of synchronization between the 
CPU and the NPX. 


BUSY is used to synchronize instruction transfer 
from the CPU to the 80C187. When the 80C187 rec- 
ognizes an ESC instruction, it asserts BUSY. For 
most 
ESC instructions, the 
CPU waits for 
the 
80C187 to deassert BUSY before sending the new 
opcode. 


The NPX uses the PEREQ pin of the CPU to signal 
that the NPX is ready for data transfer to or from its 
data FIFO. The NPX does not directly access mem- 
ory; rather, the CPU provides memory access serv- 
ices tor the NPX. 
. 


Once the CPU initiates an aOC187 instruction that 
has operands, the CPUwaits for PEREQ signals that 
indicate when the 80C187 is ready for operand 
transfer. Once all operands have been transferred 
(or if the instruction has no operands) the CPU con- 
tinues program execution while the 80C187 exe- 
cutes the ESC instruction. 


In 8086/8087 
systems, WAIT instructions are re- 
quired to achieve synchronization of both com- 
mands and operands. The 80C187, however, does 
not require WAIT instructions. The WAIT or FWAIT 
instruction commonly inserted by high-level compil- 
ers and assembly-language programmers for excep- 
tion synchronization is not treated as an instruction 
by the 80C186 and does not provide exception trap- 
ping. (Refer to the section "System Configuration for 
8087-Compatible Exception Trapping".) 


Once it has started to execute a numerics instruction 
and has transferred the operands from the CPU, the 
80C187 can process the instruction in parallel with 
and independent of the host CPU. When the NPX 
detects an exception, it asserts the ERROR signal, 
which causes a CPU interrupt. 


The CPU and the NPX use a bus protocol that 
adapts to the numerics opcode being executed. 
Only the NPX directly interprets the opcode. Some 
of the results of this interpretation are relevant to the 
CPU. The NPX records these results (opcode status 
information) 
in an 
internal 
16-bit register. The 
80C186 accesses this register only via reads from 
NPX port OOFEH.Tables 10 and 11 define the signal 
combinations that correspond to each of the follow- 
ing steps. 
1. The CPU writes the opcode to NPX port 00F8H. 


This write can occur even when the NPX is busy 
or is signalling an exception. The NPX does not 
necessarily begin executing the opcode immedi- 
ately. 


2. The CPU reads the' opcode status information 
from NPX port OOFEH. 
3. The CPU initiates subsequent bus cycles accord- 


ing to the opcode status information. The opcode 
status information specifies whether to wait until 
the NPX is not busy, when to transfer exception 
pointers to port OOFCH,when to read or write op- 
erands and results at port OOFAH,etc. 


For most instructions, the NPX does not start exe- 
cuting the previously transferred opcode until the 
CPU (guided by the opcode status information) first 
writes exception pointer information to port OOFCH 
of the NPX. This protocol is completely transparent 
to programmers. 


Bus Operation 


With respect to bus interface, the 80C187 is fully 
asynchronous with the CPU, even when it operates 
from the same clock source as the CPU. The CPU 
initiates a bus cycle for the NPX by activating both 
NPS1 and NPS2, the NPX select signals. During the 
ClK period in which NPS1 and NPS2 are activated, 
the 80C187 also examines the NPRD and NPRW 
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input signals to determine whether the cycle is a 
read or a write cycle and examines the CMDO and 
CMD1 inputs to determine whether an opcode, oper- 
and, or control/status register transfer is to occur. 
The 80C187 activates its BUSY output some time 
after the leading edge of the NPRD or NPRW signal. 
Input and ouput data are referenced to the trailing 
edges of the NPRD and NPRW signals. 


The 80C187 activates the PEREO signal when it is 
ready for data transfer. The 80C187 deactivates 
PEREO automatically. 


System Configuration 


The 80C187 can be connected to the 80C186 CPU 
as shown by Figure 9. (Refer to the 80C186 Data 
Sheet for an explanation of the 80C186's signals.) 
This interface has the following characteristics: 
• The 80C187's 
NPS1, ERROR, PEREO, and 
BUSY pins are connected directly to the corre- 
sponding pins of the 80C186. 


• The 80C186 pin MCS3/NPS is connected to 
NPS1; NPS2 is connected to vcc. Note that if the 
80C186 CPU's DEN signal is used to gate exter- 
nal data buffers, it must be combined with the 
NPS signal to insure numeric accesses will not 
activate these buffers. 


• The NPRD and NPRW pins are connected to the 
RD and WR pins of the 80C186. 


• CMD1 and CMDOcome from the latched A2 and 
A1 of the 80C186, respectively. 


• The 
80C187 
BUSY output 
connects 
to 
the 
80C186 TEST/BUSY input. During RESET, the 
signal at the 80C187 BUSY output automatically 
programs the 80C186 to use the 80C187. 


• The 80C187 can use the ClKOUT signal of the 
80C186 to conserve board space when operating 
at 12.5 MHz or less. In this case, the 80C187 
CKM input must be pulled HIGH. For operation in 
excess of 12.5 MHz, a double-frequency external 
oscillator for ClK input is needed. In this case, 
CKM must be pulled lOW. 


LATCH 
s; 
ADDRESS15:0 
•. 


A1! 
A2! 
r 
.. 
CMDO 
CMD1 
AD 15:0 
" 
EN 
ALE 
- 
80C187 
80C186 


RESET 
RESET 


WR 
NPWR 
~ 
R5 
NPRD 
CKM 


MCS3/NPS 
NPS1 
- 


TEST/BUSY 
BUSY 


MCS1/ERROR 
ERROR 
J 
MCSO/PEREQ 


; 
NPS2 
PEREQ 


CLKOUT 
CLK 
, 
015-00 
, 
f 
IEXTERNAL 
J' 


OSCILLATOR I 
DATA 15:0 
... 
•.. 
1X OR 2X 80C187 
INTERNAL fREQUENCY 


CLOCK INPUT 
UNDIVIDED 


CLOCK INPUT 
DIVIDED BY 2 


270640-7 


Figure 9. 8OC186/8OC187 
System Configuration 
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System Configuration 
for 801861 
80187-Compatible 
Exception Trapping 


When the 80C187 
ERROR output signal is connect- 
ed directly 
to the 
80C186 
ERROR 
input, 
floating- 
point exceptions 
cause ,interrupt 
# 16. However, 
ex- 
isting software 
may be programmed 
to expect 
float- 
ing-point 
exceptions 
to be signalled 
over an external 
interrupt 
pin via an interrupt 
controller. 


For exception 
handling 
compatible 
with the 80186/ 
82188/8087, 
the 80C186 
can be wired to recognize 
exceptions 
through 
an external 
interrupt 
pin, as Fig- 
ure 10 shows. 
(Refer to the 80C186 
Data Sheet for 
an explanation 
of the 80C186's 
signals.) 
With 
this 
arrangement, 
a fliP-fIOPOiS needed 
to 
latch 
BUSY 
upon 
assertion 
of ERR 
R. The 
latch 
can then 
be 
cleared 
during the exception-handler 
routine by forc- 
ing a Pes pin active. The latch must also be cleared 
at RESET 
in order for the 80C186 
to work with the 
80C187. 


~CS1/ERROR 


RESET t----t-~ 
-.....;----. 


TEST/BUSY 


~CS3/PEREO 
ALE 
~CS3/NPS 


A19-A16, 
Ri) 
AD15-ADO 
WR 


A 
ClKOUT 
0 
0 
0 
R 
ij 
E 
S 
S 
• ClK 
A2 


19-0 
C~D1 
NPWR 


A1 
--'--:;:;:"--+1 
C~DO 
NPRD 


80C187 - 
'~_..J 
NPS1'" 


CK~ 
PEREO 1---...1 


RESET 


NPS2 


BUSY I----.J 


ERROR 


"For input clocking 
options, 
refer to Figure 9. 


Figure 10. System Configuration 
for 8087-Compatlble 
Exception 
Trapping 
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The 
typical 
relationship 
between 
Icc 
and 
the 
fre- 
quency 
of operation 
F is as follows: 


ICCtyp= 55+ 
5. 
F mA 
where 
F is in MHz. 


When the frequency 
is reduced 
below the minimum 
operating 
frequency 
specified 
in the AC Characteris- 
tics table, the internal 
states of the 80C187 
may be- 
come 
indeterminate. 
The 80C187 
clock 
cannot 
be 
stopped; 
otherwise, 
tee would 
increase 
significantly 
beyond 
what the equation 
above 
indicates. 


DC Ch 
t 
- f 
arac ens ICS Tc = O·C to + 85·C, vcc = +5V 
±10% 
I 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


VIL 
Input LOW Voltage 
-0.5 
+0.8 
V 


VIH 
Input HIGH Voltage 
2.0 
vcc +0.5 
V 


I 


VICL 
Clock Input LOW Voltage 
-0.5 
+0.8 
V 
-.-~'. -. 


VICH 
Clock Input HIGH Voltage 
2.0 
vcc +0.5 
V 


VOL 
Output LOW Voltage 
0.45 
V 
IOL = 3.0mA 


VOH 
Output HIGH Voltage 
2.4 
V 
IOH = -0.4 
mA 


tee 
Power Supply Current 
156 
mA 
16MHz 
135 
mA 
12.5 MHz 


III 
Input Leakage Current 
±10 
p.A 
OV S; VIN S; vcc 


ILO 
1/0 Leakage Current 
±10 
p.A 
0.45V 
S; Your 
S; vcc - 
0.45V 


CIN 
Input Capacitance 
10 
pF 
Fc = 1 MHz 


Co 
1/0 or Output Capacitance 
12 
pF 
Fc = 1 MHz 


CCLK 
Clock Capacitance 
20 
pF 
Fc = 1 MHz 
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AC Characteristics 
Tc = O·C to + 85·C, vcc = 5V ±10% 
All timings 
are measured 
at 1.5V unless otherwise 
specified 


12.5 MHz 
16MHz 
Teat 
Symbol 
Parameter 
Mln 
Max 
Mln 
Max 
Conditions 
(na) 
(ns) 
(na) 
(ns) 


Tdvwh (t6) 
Data Setup to NPWR 
43 
33 
, 


Twhdx (t7) 
Data Hold from NPWR 
I 
14 
14 


Trlrh (t8) 
NPRD Active Time 
59 
54 


-. 


Twlwh (t9) 
NPWR Active Time 
59 
54 


Tavwl (t10) 
Command 
Valid to NPWR 
0 
0 


Tavrl (t11) 
Command 
Valid to NPRD 
0 
0 


Tmhrl (t12) 
Min Delay from PEREQ Active 
40 
30 
to NPRD Active 
- 


Twhax (t18) 
Command 
Hold from NPWR 
12 
8 
Trhax (t19) 
Command 
Hold from NPRD 
12 
8 


Tivcl (t20) 
NPRD, NPWR, RESET to 
46 
38 
~. 
Note 1 
ClK 
Setup Time 
r 


Tclih (t21) 
NPRD, NPWR, RESET from 
26 
18 
Note 1 
ClK 
Hold Time 
Trscl (t24) 
RESET to ClK 
Setup 
21 
19 
Note 1 
Tclrs (t25) 
RESET from ClK 
Hold 
14 
9 
Note 1 


Tcmdi (t26) 
Command 
Inactive Time 
W(ite to Write 
69 
59 
Read to Read 
69 
59 
I 


Read to Write 
"' 
69 
59 
! 


Write to Read 
-~ 
i 
69 
59 


NOTE: 
1. This is an asynchronous input. This specification is given for testing purposes only, to assure recognition at a specific Cl.K 
edge. 
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Timing Responses 
All timings 
are measured 
at 1.5V unless otherwise 
specified 


12.5MHz 
16MHz 
Test 
Symbol 
Parameter 
Mln 
Max 
Mln 
Max 
Conditions 
(ns) 
(ns) 
(ns) 
(ns) 


Trhqz (t27) 
NPRD Inactive to Data Float" 
18 
18 
Note 2 
Trlqv (t28) 
NPRD Active to Data Valid 
50 
45 
Note 3 


Tilbh (t29) 
ERROR Active to Busy Inactive 
104 
104 
Note 4 


Twlbv (t30) 
NPWR Active to Busy Active 
80 
60 
Note 4 


Tklml (t31) 
NPRD or NPWR Active 
80 
60 
Note 5 
to PEREQ Inactive 


TrhQh(t32) 
Data Hold from NPRD Inactive 
2 
2 
Note 3 


Trlbh (t33) 
RESET Inactive to BUSY Inactive 
80 
60 


NOTES: 
'The data float delay is not tested. 
. 


2. The float condition occurs when the measured output current is less than IOLon D15-DO' 
3. D15-DO loading: CL = 100 pF. 
4. BUSY loading: CL = 100 pF. 
5. On last data transfer of numeric instruction. 


Clock Timings 


12.5 MHz 
16 MHz· 
Test 
Symbol 
Parameter 
Mln 
Max 
Mln 
Max 
Conditions 
(ns) 
(ns) 
(ns) 
(ns) 


Tclcl 
(t1a) 
ClK 
Period 
i 
CKM = 1 
80 
250 
N/A 
N/A 
Note 6 
(t1 B) 
CKM = 0 
40 
125 
31.25 
125 
Note 6 


Tclch 
(t2a) 
ClKlowTime 
CKM = 1 
35 
N/A 
Note 6 
(t2b) 
CKM = 0 
9 
7 
Note 7 


Tchcl 
(t3a) 
ClK 
High Time 
CKM = 1 
35 
N/A 
Note 6 
(t3b) 
CKM = 0 
13 
9 
Note 8 


Tch2ch1(t4) 
10 
8 
Note 9 


Tch1ch2(t5) 
10 
8 
Note 10 


NOTES: 
'16 MHz operation is available only in divide·by·2 mode (CKM strapped LOW). 
6. At 1.5V 
. 


7. At 0.8V 
8. At 2.0V 
9. CKM = '1: 3.7V to 0.8V at 16 MHz. 3.5V to 1.0V at 12.5 MHz 
10. CKM = 1: 0.8V to 3.7V at 16 MHz. 1.0V to 3.5V at 12.5 MHz 
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AC SETUP, 
HOLD, AND DELAY 
TIME 
MEASUREMENTs-GENERAL 
AC DRIVE 
AND MEASUREMENT 
POINT5-CLK 
INPUT 


ClK 
INPUT 


OTHER 
DEVICE 
INPUT 


270640-9 
DEVICE 
OUTPUT 


270640-10 


AC TEST 
LOADING 
ON OUTPUTS 


DEVICE 


OUTPUT~ 
r 


CL 


270640-11 


DATA TRANSFER 
TIMING 
(INITIATED 
BY CPU) 


~- 


J-- 
VALID 
~ 


-\8 
\19 


}~" 


1--\11- 
-\27- 
TRANSf 
-\28- 
-\32- 
fROW 8 


I 
DATA OUT 
" 
VALID 


I-- \10 
\9 
\18 


~ 
I~" 
1--\6- 1--\7- 
TRANSf 
TO 80C 


DATA WAY CHANGE 
DATA IN 
DATA IoIAYCHANGE 
VALID 


\30 


CIoIDO,CIoIDl 
NPS1,NPS2 


ER 
OC186 


ER 
187 


BUSY 
-\ 
____________ 
~l~ 
_ 


270640-12 


1-211 


ERROR OUTPUT TIMING 


BUSY 
] 


ERROR-t'· 


270640-14 


ClK, RESET TIMING (CKM = 1) 


'I 
1',-_'.;.::2,--", 
ClK 
/ 
{IF CKM= 1),'"-_.....1 
1~..;.':;..2"""",I 
I 
'I 
'--- 


____~~----------t-211 ~_t2_0-_ 
RESET 
~ 


270640-15 
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elK 


270640-17 


PHASE 
INDETERMINATE 


RESET 


RESET 
must meet timing 
shown 
to guarantee 
known 
phase 
of internal 
divide 
by 2 circuits. 


NOTE: 
RESET, 
NPWR, 
NPRD inputs 
are asynchronous 
to ClK. Timing 
requirements 
are given for testing 
purposes 
only, to assure 
recognition 
at a specific 
ClK edge. 


ClK, NPRD, NPWR TIMING (CKM 
0) 


270640-16 


RESET, BUSY TIMING 


270640-19 


RESET __ t,~ 


BUSY 
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80C187 
EXTENSIONS 
TO THE CPU's 
INSTRUCTION 
SET 


DISP (displacement) 
is optionally 
present 
in instruc- 
tions 
that 
have MOD and R/M 
fields. 
Its presence 
depends 
on the values 
of ~OD 
and R/M, 
as for in- 
structions 
of the cpu. 
Instructions 
for the 80C187 
assume 
one of the five 
forms 
shown 
in Table 
11. In all cases, 
instructions 
are at least 
two 
by1es long and begin 
with the 
bit 
pattern 
11011 B, which 
identifies 
the ESCAPE 
class 
of instruction. 
Instructions 
that refer to memory oper- 
ands specify addresses 
using the CPU's addressing 
modes. 


The instruction 
summaries 
that follow 
assume 
that 
the instruction 
has been prefetched, 
decoded, 
and is 
ready for execution; 
that bus cycles 
do not require 
wait 
states; 
that 
there 
are no local 
bus HOLD 
re- 
quests 
delaying 
processor 
access 
to the 
bus; and 
that 
no exceptions 
are detected 
during 
instruction 
execution. 
Timings 
are 
given 
in 
internal 
80C187 
clocks 
and 
include 
the 
time 
for 
opcode 
and 
data 
transfer 
between 
the CPU and the 
NPX. If the 
in- 
struction 
has MOD and R/M 
fields that call for both 
base and index registers, 
add one clock. 


MOD (Mode field) and R/M 
(Register/Memory 
spec- 
ifier) 
have 
the 
same 
interpretation 
as 
the 
corre- 
sponding 
fields 
of CPU 
instructions 
(refer 
to 
Pro- 
grammer's 
Reference 
Manual 
for 
the 
CPU). 
The 


Table 
11 Instruction 
Formats 


Instruction 
Optional 
First Byte 
Second 
Byte 
Field 


1 
11011 
OPA 
1 
MOD 
1 
OPB 
R/M 
DISP 


2 
11011 
MF 
OPA 
MOD 
OPB 
• 
R/M 
DISP 


3 
11011 
d 
P 
OPA 
1 
1 
OPB 
• 
ST (i) 


4 
11011 
0 
0 
1 
1 
1 
1 
OP 


5 
11011 
0 
1 
1 
1 
1 
1 
OP 


15-11 
10 
9 
8 
7 
6 
5 
4 3 
210 


NOTES: 
OP = Instructionopcode,possiblysplitinto two fieldsOPAand OPB 
MF = MemoryFormat 
d = Destination 
00- 
32-B!tAeal 
0- 
Destinationis ST(O) 
01- 
32-B!tInteger 
0- 
Destinationis ST(i) 
10- 64-B!tAeal 
A XOAd = 0- 
Destination(op)Source 
11- 
16-BltInteger 
A XOAd = 1- 
Source(op)Destination 


"ln FSUBand FDIV,the low-orderbit of OPBis the A (reversed)bit 
P = Pop 
ST(i) = AegisterStackElementi 
0- 
Do not pop stack 
000 = StackTop 
1- 
Popstack after operation 
001 = SecondStackElement 


ESC = 11011 
••• 
111 = EighthStackElement 
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Instruction 
Optional 
32-Blt 
16-BIt 
Bytes 
2-3 
Real 
Integer 


DATA 
TRANSFER 


FLD 
~ 
Load" 


Integer/real 
memory 
to ST(O) 
DISP 
40 
65-72 
59 
67-71 


Long integer 
memory 
to ST(O) 
DISP 
90-101 


Extended 
real memory 
to ST(O) 
DISP 
74 


BCD memory 
to ST(O) 
DISP 
296-305 


STO) to ST(O) 
ESC001 
16 


FST ~ 
Store 
• 


ST(O) to integer/real 
memory 
OISP 
58 
93-107 
73 
80-93 


ST(O) to ST(i) 
ESC101 
13 


FSTP 
~ 
Store and Pop 


ST(O) to integer/real 
memory 
ESCMF1 
11I100011 RIM 
DISP 
58 
93-107 
73 
80-93 


ST(O) to long integer 
memory 
ESC111 
MOD111 
RIM 
OISP 
116-133 


ST(O) to extended 
real 
ESC011 
MOD111 
RIM 
DISP 
83 


ST(O) to BCD memory 
ESC111 
MOD110R/M 
DISP 
542-564 


ST(O) to ST(i) 
ESC101 
11001 
ST(i) 
14 


FXCH 
~ 
Exchange 


ST(i) and ST(O) 
ESC001 
11001 
ST(i) 
20 


COMPARISON 


FCOM 
~ 
Compare 


Integer/real 
memory 
to ST(O) 
DISP 
48 
78-85 
67 
77-81 


ST(i) to ST(O) 
ESCOOO 
11010ST(i) 
26 


FCOMP 
~ Compare 
and pop 


Integer/real 
memory 
to ST 
DISP 
48 
78-85 
67 
77-81 


ST(i) to ST(O) 
ESCOOO 
11011 
ST(i) 
28 


FCOMPP 
~ Compare 
and pop twice 


ST(1) to ST(O) 
ESC110 
11011001 
28 


11100101 


CONSTANTS 


FLDZ 
~ 
Load + 0.0 into ST(O) 
ESC001 
11101110 


FLD1 
~ 
Load + 1.0 into ST(O) 
ESC001 
11101000 


FLDPI 
~ 
Load pi into ST(O) 
ESC001 
11101011 


FLDL2T 
~ 
Load log2(1 0) into ST(O) 
ESC001 
11101001 
42 


Shaded 
areas indicate 
instructions 
not available 
in 8087. 


NOTE: 
a. When 
loading 
single- 
or double-precision 
zero from memory, 
add 5 clocks. 
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80C187 
Extensions 
to the 80C186 
Instruction 
Set (Continued) 
I 
Encoding 
Clock Count Range 


Instruction 
I 
Byte 
I 
Byte 
I 
Optional 
32·Blt I 
32·Blt I 
64-Blt I 
16-Blt 
0 
1 
Bytes 2-3 
Real 
Integer 
Real 
Integer 


CONSTANTS (Continued) 


FLDL2E = Load log2(e) into ST(O) 
I' 
ESC001 
I 
11101010 
I 
42 


FLDLG2 = Load loglO(2) into ST(O) 
I 
ESC001 
I 
11101100 
I 
43 


FLDLN2 = Load log.(2) into ST(O) 
I 
ESC001 
I 
11101101 
I 
43 


ARITHMETIC 


FADD = Add 


Integer/real memory with ST(O) 
I 
ESCMFO 
I MOD 000 R/M I 
. DISP 
44-52 
77-92 
65-73 
77-91 


ST(i) and ST(O) 
I 
ESCdPO 
I 
11000 Sl(i) 
I 
25-33b 


FSUB = Subtract 


Integer/real memory with Sl(O) 
I 
ESCMFO 
I MOD10RR/M 
I 
DISP 
44-52 
77-92 
65-73 
77-91C 


Sl(i) and Sl(O) 
I 
ESCd P 0 
I 
1110RR/M 
I 
28-36d 


FMUL = Multiply 


Integer/real memory with Sl(O) 
I 
ESCMFO 
I MOD 001 R/M I 
DISP 
47-57 
81-102 
68-93 
82-93 


Sl(i) and Sl(O) 
I 
ESCdPO 
I 
1100 1 R/M 
I 
31-59· 


FDIV = Divide 


Integer/real memory with Sl(O) 
I 
ESCMFO 
I MOD 11 R R/M I 
DISP 
108 
140-1471 
128 
142-1469 


Sl(i) and Sl(O) 
I 
ESCd PO 
I 
1111 RR/M 
I 
SOh 


FSQRTi = Square root 
I 
ESC001 
I 
11111010 
I 
124-131 


FSCALE = Scale Sl(O) by Sl(1) 
I 
ESC001 
I 
11111101 
I 
69-88 


FPREM = Partial remainder 01 
Sl(O) .•. Sl(1) 
I 
'ESC001 
I 
11111000 
I 
76-157 
1",_,*"" 
~:'''~ 
w 
'" 
FPREM1 = Partial remalnder 
(lEEE) 
I 
ESC001 
I 
11110101 
I 
97-187 


FRNOIMT = Round $T(O) 
to integer 
I 
ESC001 
I 
11111100 
I 
68-82 


FXTRACT = Extract components 
oISl(O) 
I 
ESC001 
I 
11110100 
I 
72-78 


FABS = Absolute value 01 Sl(O) 
I 
ESC001 
I 
11100001 
I 
24 


FCHS = Change sign of Sl(O) 
I 
ESC001 
I 
11100000 
I 
26-27 


Shaded areas indicate instructions not available in 8087. 


NOTES: 
b. Add 3 clocks to the range when d = 1. 
c. Add 1 clock to each range when R = 1. 
d. Add 3 clocks to the range when d = O. 
e. typical = 54 (When d = 0,48-56, 
typical = 51). 
f. Add 1 clock to the range when R = 1. 
g. 153-159 when R = 1. 
h. Add 3 clocks to the range when d = 1. 
i. -0';; 
ST(O)';;+00. 
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80C187 
Extensions 
to the 80C186 
Instruction 
Set (Continued) 


Encoding 
Instruction 
Byte 
Byte 
Optional 
Clock Count Range 
0 
1 
Byte. 2-3 


TRANSCENDENTAL 
i 
, 
. 


·FCOS = CoIineofST(O) 
I 
ESC001 
I 
11111111 
I 
125-7741 


FPTANk = P.uaI tangent of ST(O) 
I 
ESCOO1 
I 
11110010 
I 
193-_ 


FPA.TAN - 
P.ualeretangent 
I 
ESCOO1 
I 
11110011 
I 
31&-_ 


FSIN: = Sine of ST(O) 
I 
ESCOOl 
I 
11111110 
I 
124-77SI 


~ 
•••Slneandoolinuf 
ST~ 
J 
ESCOOl 
I 
11111011 
I 
198-8111 


F2XM11 = 2ST(O) - 
1 
I 
ESCOOl 
I 
11110000 
I 
213-478 
.' 


FYL2xm = ST(l) 'log2(ST(0)) 
I 
ESCOOl 
I 
11110001 
I 
122-540 


FYL2XP1" = ST(l) , log2(ST(0) + 1.0) 
I 
ESCOOl 
I 
11111001 
I 
259-549 


PROCESSORCONTROL 


FINIT = Initialize NPX 
I 
ESCOll 
I 
11100011 
I 
35 


FSTSW AX = Store status word 
I 
ESClll 
I 
11100000 
I 
17 


FLOCW = Load control word 
ESCOOl 
MOD10l 
RIM I 
DISP 
23 


FSTCW = Store control word 
ESCOOl 
MODlll 
RIM 
DISP 
21 


FSTSW = Store status word 
ESC10l 
I MOD 111 RIM I 
DISP 
21 


FCLEX = Clear exceptions 
I 
ESCOll 
I 
11100010 
I 
13 


FSTENV = Store environment 
ESCOOl 
MODll0R/M 
I 
DISP 
146 


FLDENV = Load environment 
ESCOOl 
MOD 100 RIM 
DISP 
113 


FSAVE = Save state 
ESC101 
MODll0R/M 
DISP 
550 


FRSTOR = Restore state 
ESC10l 
MOD 100 RIM 
DISP 
482 


FINCSTP = Increment stack pointer 
I 
ESCOOl 
I 
11110111 
I 
23 


FDECSTP = Decrement stack pointer 
I 
ESCOOl 
I 
11110110 
I 
24 


FFREE = Free ST(i) 
I 
ESC101 
I 
l1000ST(i) 
I 
• 


20 


FNOP = No operations 
I 
ESCOOl 
I 
1101סס oo 
I 
14 


Shaded 
areas indicate 
instructions 
not available 
in 8087. 


NOTES: 
j. These 
timings 
hold for operands 
in the range 
[x] < ",/4. For operands 
not in this range, 
up to 78 clocks 
may be needed 
to 


reduce 
the operand. 
k. 0 ,,; I ST(O) I < 263. 
I. -1.0"; 
ST(O) s 
1.0. 
m.O 
,,; ST(O) < 00, 
- 
00 < ST(I) 
< + 00. 
n. 0 ,,; IST(O)I < (2 - V (2»/2, 
- 
00 < ST(I) 
< + 00. 


DATA SHEET REVISION 
REVIEW 


The following 
list represents 
the key differences 
between 
this and the -001 version 
of the 80C187 
data sheet. 


Please review this summary 
carefully. 


1. Figure 
10, titled 
"System 
Configuration 
for 8087-Compatible 
Exception 
Trapping", 
was replaced 
with a 
revised 
schematic. 
The previous 
configuration 
was faulty. Updated 
timing diagrams 
on Data Transfer 
Tim- 
ing, Error Output, 
and RESET IBUSY. 
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• 
16-Blt Internal 
Architecture 
with 8-Blt 
Data Bus Interface 


• 
High-Performance 
8 MHz Processor 
- 
2 MByte/Sec 
Bus Bandwidth 
Interface 
@8 MHz 


• 
Direct Addressing 
Capability 
to 
1 MByte of Memory 
and 64 KByte 1/0 


Th~o~gh8ci871~terf~;e 
--,---····1 


• 
Available 
In 68 Pin: 
- 
Ceramic 
Leadless 
Chip Carrier 
(LCC) 
- 
Ceramic 
Pin Grid Array (PGA) 
- 
Plastic Leaded 
Chip Carrier 
(PLCC) 


(See Packaging outsnes and Dimensions. Order #231369) 


• 
Available 
in EXPRESS 
- 
Standard 
Temperature 
with Burn-In 
- 
Extended 
Temperature 
Range 
(- 40·C to +8S·C) 


1NT3/lWTll/tRO 


INT2II11T.Q 


NIII 


EXECunON "UNFf1 
I 
I 
I 
I 
I 


PAOG·AMM·INE 
INTf:ftRUPT 
CONTROLLER 


16-IIIT 
AUI 


RESET 


___ 
-l-DROO 


DRQ1 


210706-1 
Figure 1.80188 
Block Diagram 


1·218 
October 1989 
Order Number: 210706-011 


80188 


Ceramic Leadless Chip Carrier (JEDECType A) 
Contacts Facing Up 
Contacts Facing Down 
, !I~ 
~~il~~I~~,tl~~~~lal~~i 


_ 
1..JI..•••LJLJlJLJLJlJ 
•...JLJLJlJLJLJLJlJ 


so 
5~ 
51 
' 
ti 
' 
ARDY 
CLKOUT 
RESET 
X2 
XI 
Vss 
ALE/OSO 
ADlOSMD 
WR/QSI 
57 
A,_ 


AI8/SS 
A17/S4 
A16'S3 
(,'( 
1r 1r 1r )rH" 
lr 1r,r 
,rH 
HH 
1r 1r 


~ 
~ 
.~••"~".u-"O~·-·R 
PlNNOI 
MARK"""""- 
:c~:cc:c 
c:c~~:c 
~:Ccc 
~ Cc 


)()()( 
~gg~ 
)()()( 
)()()( 
XXX-- 


Pins Facing Up 
Ceramic Pin Grid Array 
Pins Facing Down 


(~}.•:~~)~·t.1:~} @,I :'~.i}':i~.1~?}~~.' 
~?l~~.l~,I@.I:~}~.':~#::~.l~.I~~}~.I 


~.l~-~} 


~-~.l~-?} 
.~}~?J 
:~}:~_i.' 
:!#.l:~} 


~.l~~} 
:~}~?\ 


xxx 
xxx 
xxx 
xxx 
xxx 
xxx-- 


Plastic Leaded Chip Carrier 
Contacts Facing Up 
Contacts Facing Down 


:~} (~:l:'.~)(~!(,~) 
(1~}:t¥.. :l~.l~!!I,!!:':!~} 
(D (~:1:'.~:I:'D :-~:\(g, :l~:\~~!~?:\ 


iJCi 
LCS 
PCSfiA2 
PCS!/AI= 
PCi2 
PCS, 
Vss 
PCSO 
RH 
TMROUTI 
TMROUT0 
TMRIN' 
TMRINO 
DADI 
DAQO 


210706-2 


210706-3 


•• 
33 
32 
31 
'0 
202. 
27 
2. 
25 
2< 
2' 
22 
21 
20,.,. 


18 
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PIN 
NO.l 
MARK 


~~~.~.~"aCM~5~~~~ 
52 
35 


525.•• 
55 
5S 
57 
505. 
00., 
.2 
es 
S'S' 
SS 
'7.. ". 


1 


xxx 
xxx 
xxx 
xxx 
xxx 
xxx-- 


Figure 2. 80188Plnout Diagram 


•••• 
MO.11iW11C 
123.56789101112131.,51617 
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~~}~,I 
~?)~~} 
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Table 
1.80188 
Pin Description 


Symbol 
Pin No. 
Type 
Name and Function 
Vcc 
9 
I 
SYSTEM 
POWER: + 5 volt power supply. 
43 
I 
Vss 
26 
I 
SYSTEM GROUND 
60 
I 


RESET 
57 
0 
RESET OUTPUT: 
Indicates 
that the 80188 CPU is being reset, and 
can be used as a system reset. It is active HIGH, synchronized 
with 
the processor 
clock, and lasts an integer number of clock periods 
corresponding 
to the length of the RES signal. 


X1 
59 
I 
CRYSTAL 
INPUTS: X1 and X2 provide external 
connections 
for a 
X2 
58 
0 
fundamental 
mode parallel resonant 
crystal for the internal 
oscillator. 
Instead of using a crystal, an external 
clock may be 
applied to X1 while minimizing 
stray capacitance 
on X2. The input 


or oscillator 
frequency 
is internally 
divided by two to generate 
the 
clock signal (CLKOUT). 


CLKOUT 
56 
0 
CLOCK OUTPUT: 
Provides the system with a 50% duty cycle 
waveform. 
All device pin timings are specified 
relative to CLKOUT. 


RES 
24 
I 
PROCESSOR 
RESET: Causes the 80188 to immediately 
terminate 
its present activity, clear the internal logic, and enter a dormant 
state. This signal may be asynchronous 
to the 80188 clock. The 
80188 begins fetching 
instructions 
approximately 
6% clock cycles 
after RES is returned 
HIGH. For proper initialization, vcc must be 
within specifications 
and the clock signal must be stable for more 
than 4 clocks with RES held low. RES is internally 
synchronized. 


This input is provided with a Schmitt-trigger 
to facilitate 
power-on 


.L. 
RES generation 
via an RC network. 
When RES occurs, the 80188 
will drive the status lines to an inactive level for one clock, and then 
float them. 


TEST 
47 
110 
TEST: Is examined 
by the WAIT instruction. 
If the TEST input is 
HIGH when "WAIT" 
execution 
begins, instruction 
execution 
will 
suspend. 
TEST will be resampled 
until it goes LOW, at which time 


execution 
will resume. 
If interrupts 
are enabled while the 80188 is 


waiting for TEST, interrupts 
will be serviced. 
During power-up, 
active RES is required to configure 
TEST as an input. This pin is 
synchronized 
internally. 


TMR IN 0 
20 
I 
TIMER 
INPUTS: Are used either as clock or control 
signals, 
TMR IN 1 
21 
I 
depending 
upon the programmed 
timer mode. These inputs are 
- 
active HIGH (or LOW-to-HIGH 
transitions 
are counted) 
and 
internally 
synchronized. 


TMROUTO 
22 
0 
TIMER OUTPUTS: 
Are used to provide single pulse or continuous 


TMROUT 
1 
23 
0 
waveform 
generation, 
depending 
upon the timer mode selected. 


DRQO 
18 
I 
DMA REQUEST: 
Is asserted 
HIGH by an external 
device when it is 
DRQ1 
19 
I 
ready for DMA Channel 0 or 1 to perform 
a transfer. 
These signals 
are level-triggered 
and internally 
synchronized. 


NMI 
46 
I 
NON-MASKABLE 
INTERRUPT: 
Causes a Type 2 interrupt. 
An 
NMI transition 
from LOW to HIGH is latched and synchronized 
internally, 
and initiates the interrupt at the next instruction 
boundary. 
NMI must be asserted 
for at least one clock. The Non- 


Maskable 
Interrupt 
cannot be avoided 
by programming. 


INTO 
45 
I 
MASKABLE 
INTERRUPT 
REQUESTS: 
Can be requested 
by 
INT1/SELECT 
44 
I 
activating 
one of these pins. When configured 
as inputs, these pins 
INT211NTAO 
42 
I/O 
are active HIGH. Interrupt 
Requests 
are synchronized 
internally. 


INT3/INTA1/ 
41 
110 
INT2 and INT3 may be configured 
to provide active-LOW 
interrupt- 
IRQ 
acknowledge 
output signals. All interrupt 
inputs may be configured 
to be either edge- or level-triggered. 
To ensure recognition, 
all 
interrupt 
requests 
must remain active until the interrupt 
is 
acknowledged. 
When Slave Mode is selected, 
the function 
of these 
pins changes 
(see Interrupt 
Controller 
section of this data sheet). 
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AD2 
13 
1/0 
AD1 
15 
1/0 
ADO 
17 
1/0 


A15 
1 
0 
ADDRESS-ONLY 
BUS (8-15): Containing 
valid address from T 1-T4. 


A14 
3 
0 
The bus is active HIGH. 


A13 
5 
0 
A12 
7 
0 
A11 
10 
0 
A10 
12 
0 
A9 
14 
0 
A8 
16 
0 


S7 
64 
0 
This signal is HIGH to indicate that the 80188 has an 8-bit data bus. 
S7 floats during HOLD. 


ALE/QSO 
61 
0 
ADDRESS 
LATCH ENABLE/QUEUE 
STATUS 
0: Is provided 
by 


the 80188 to latch the address. ALE is active HIGH. Addresses 
are 
guaranteed 
to be valid on the trailing edge of ALE. The ALE rising 


edge is generated 
off the rising edge of the CLKOUT 
immediately 


preceding 
T 1 of the associated 
bus cycle, effectively 
one-half 
clock 


cycle earlier than in the 8088. The trailing edge is generated 
off the 
CLKOUT 
rising edge in T 1 as in the 8088. Note that ALE is never 


floated. 


WR/QS1 
63 
0 
WRITE STROBE/QUEUE 
STATUS 
1: Indicates that the data on 


the bus is to be written into a memory or an 110 device. WR is 
active for T2, T3, and Tw of any write cycle. It is active LOW, and 
floats during HOLD. When the 80188 is in queue status mode, the 


., 
ALE/QSO 
and WR/QS1 
pins provide information 
about processorl 


instruction 
queue interaction. 


QS1' 
QSO 
Queue Operation 


0 
0 
No Queue Operation 
'. 
0 
1 
First Opcode 
Byte Fetched 
from the Queue 
1 
1 
Subsequent 
Byte Fetched 
from the Queue 
1 
0 
Empty the Queue 
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Table 
1.80188 
Pin Description 
(Continued) 


Symbol 
Pin No. 
Type 
Name and Function 


RD/QSMD 
62 
I/O 
READ STROBE: 
Is an active LOW signal which indicates 
that the 
80188 is performing 
a memory or I/O read cycle. It is guaranteed 
not 


to go LOW before the AID bus is floated. An internal pull-up ensures 
that RD is HIGH during RESET. Following 
RESET the pin is sampled 
to determine 
whether 
the 80188 is to provide ALE, RD, and WR, or 
queue status information. 
To enable Queue Status Mode, RD must 
be connected 
to GND. RD will float during bus HOLD. 


ARDY 
55 
I 
ASYNCHRONOUS 
READY: Informs the 80188 that the addressed 
memory space or I/O device will complete 
a data transfer. 
The 
ARDY pin accepts 
a rising edge that is asynchronous 
to CLKOUT 
and is active HIGH. The falling edge of ARDY must be synchronized 
to the 80188 clock. Connecting 
ARDY HIGH will always assert the 
ready condition 
to the CPU. If this line is unused, it should be tied 
LOW to yield control 
to the SRDY pin. 


SRDY 
49 
I 
SYNCHRONOUS 
READY: Informs the 80188 that the addressed 
memory space or I/O device will complete 
a data transfer. 
The 
SRDY pin accepts 
an active-HIGH 
input synchronized 
to CLKOUT. 
The use of SRDY allows a relaxed system timing over ARDY. This is 
accomplished 
by elimination 
of the one-half 
clock cycle required to 
internally 
synchronize 
the ARDY input signal. Connecting 
SRDY high 
will always assert the ready condition 
to the CPU. If this Iihe is 
unused, it should be tied LOW to yield control to the ARDY pin. 
[(5Cj( 
48 
0 
LOCK: Output indicates 
that other system bus masters are not to 


( 
, 
gain control 
of the system bus while LOCK is active LOW. The LOCK 
signal is requested 
by the LOCK prefix instruction 
and is activated 
at 


the beginning 
of the first data cycle associated 
with the instruction 
following 
the LOCK prefix. It remains active until the completion 
of 
that instruction. 
No instruction 
prefetching 
will occur while LOCK is 
asserted. 
When executing 
more than one LOCK instruction, 
always 


. 
make sure there are 4 bytes of code between 
the end of the first 
LOCK instruction 
and the start of the second 
LOCK instruction. 
LOCK is active LOW, is driven HIGH for one clock during RESET, 
and then floated. 


SO 
52 
0 
BUS CYCLE STATUS 
SO-S2: Are encoded 
to provide bus- 
Sf 
53 
0 
transaction 
information: 
52 
54 
0 
80188 Bus Cycle Status Information 


S2 
S1 
SO 
Bus Cycle Initiated 


0 
0 
0 
Interrupt 
Acknowledge 
0 
.0 
1 
Read I/O 
0 
1 
0 
Write I/O 


" 
i 
0 
1 
1 
Halt 
1 
0 
0 
Instruction 
Fetch 
1 
0 
' 1 
Read Data from Memory 
1 
1 
0 
Write Data to Memory 
1 
1 
1 
Passive (no bus cycle) 
, 
The status pins float during HOLQ. 
S2 may be used as a logical M/IO 
indicator, 
and S1 as a DT/A 
indicator. 
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Table 
1 80188 Pin Description 
(Continued) 
, 
., 
" 
, 


Symbol 
Pin No. 
Type. 
Name and Function 


HOLD (input) 
50 
I 
HOLD: Indicates 
that another 
bus master is requesting 
.the local bus. 
HLDA (output) 
51 
0 
The HOLD input is active HIGH. HOLD may be asynchronous 
with 
respect to the 80188 clock. The 80188 will issue a HLDA in response 
to a HOLD request at the end of T4 or Tj. Simultaneous 
with the 
issuance 
of HLDA, the 8.0188 will float the local bus and control 
lines. After HOLD is detected 
as being LOW,.the 80188 will lower 
HLDA. When the 80188 needs to run another bus cycle, it will again 
drive the local bus and control 
lines. 


UCS 
34· 
0 
UPPER MEMORY 
CHIP SELECT: Is an active LOW output 


" 
whenever 
a memory reference 
is made to the defined 
upper portion 


(1K -25,6K block) of memory. This line is not floated 
during bus 
HOLD. The address range activating 
UCS is software 
programmable. 


LCS 
33 
0 
LOWER 
MEMORY 
CHIP SELECT: Is active LOW whenever 
a 
memory reference 
is made to the defined 
lower portion (1K-256K) 


of memory. This line is not floated 
during bus HOLD. The address 


" 
range activating [CS is software 
programmable. 


MCSO 
38 
, 
0 
MID-RANGE 
MEMORY 
CHIP SELECT SIGNALS: 
Are active LOW 
MCS1 
. 
37 
0 
when a memory reference 
is made to the defined 
mid-range 
portion 
MCS2 
36 
O· 
of memory (8K-512K). 
These lines are not floated 
during bus HOLD. 


MCS3 
35 
, 0 
The address ranges activating 
MCSO-3 
are software 
programmable. 


PCSO 
25 
0 
PERIPHERAL 
CHIP SELECT SIGNALS 
0-4: 
Are active LOW when 


PCS1 
27 
0 
a reference 
is made to the defined 
peripheral 
area (64K byte 1/0 
PCS2 
28 
0 
space). These lines are not floated 
during bus HOLD. The address 


PCS3 
29 
0 
ranges activating 
P~SO-4 
are software 
programmable. 
PCS4 
30 
0 


PCS5/A1 
31 
0 
PERIPHERAL 
CHIP SELECT 5 or LATCHED 
A1: May be 


, 
programmed 
to provide a sixth peripheral 
chip select, or to provide 
.. 
an internally 
latched A 1 Sigcal. The address range activating 
PCS5 is 


" 
'.1 


software 
programmable. 
P S51A 1 does not float during bus HOLD. 


When programmed 
to provide latched A 1, this pin will retain the 
previously 
latched value during HOLD. 


PCS6/A2 
32 
0 
PERIPHERAL 
CHIP SELECT 6 or LATCHED 
A2: May be 
programmed 
to provide a seventh 
peripheral 
chip select, or to 
provide an internally 
latched A2 signal. The address 
range activating 


PCS6 is software-programmable. 
PCS61 A2 does not float during bus 


HOLD. When programmed 
to provide latched A2, this pin will retain 


the previously 
latched value during HOLD. 


DTIR 
40 
0 
DATA TRANSMIT IRECEIVE: 
Controls 
the direction 
of data flow 
through an external 
data bus transceiver. 
When LOW, data is 
transferred 
to the 80188. When HIGH the 80188 places write data on 


the data bus. 


DEN 
39 
0 
DATA ENABLE: Is provided 
as a data bus transceiver 
output enable. 


DEN is active LOW during each memory and 1/0 access. 
DEN is 
HIGH whenever 
DT IR changes 
state. During RESET, DEN is driven 


HIGH for one clock, then floated. 
DEN also floats during bus HOLD. 
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FUNCTIONAL 
DESCRIPTION 
SEGMENT 
REGISTERS 


Introduction 


The following 
Functional 
Description 
describes 
the 
base architecture 
of the 80188. The 80188 is a very 
high 
integration 
8-bit 
microprocessor. 
It combines 
15-20 
of the most common 
microprocessor 
system 
components 
onto one chip while providing 
twice the 
performance 
of the standard 
8088. The 80188 is ob- 
ject code compatible 
with the 8086, 8088 microproc- 
essors 
and 
adds 
10 new 
instruction 
types 
to the 
8086, 8088 instruction 
set. 


80188 
BASE ARCHITECTURE 


The 8086, 8088, 80186, 80188 and 80286 family all 
contain 
the same basic set of registers, 
instructions, 
and addressing 
modes. 
The 80188 
processor 
is up- 
ward 
compatible 
with the 
8086, 
8088, 
80186, 
and 
80286 
CPUs. 


Register Set 


The 80188 
base architecture 
has fourteen 
registers 
as shown 
in Figures 3a and 3b. These 
registers 
are 
grouped 
into the following 
categories. 


GENERAL 
REGISTERS 


Eight 16-bit general 
purpose 
registers 
may be used 
for arithmetic 
and 
logical 
operands. 
Four of these 
(AX, BX, CX, and OX) can be used as 16-bit registers 
or split into pairs of separate 
8-bit registers. 


Four 16-bit special 
purpose 
registers 
select, 
at any 
given time, the segments 
of memory 
that are imme- 
diately 
addressable 
for code, 
stack, 
and data. 
(For 
usage, refer to Memory 
Organization.) 


BASE AND INDEX 
REGISTERS 


Four of the general 
purpose 
registers 
may also be 
used to determine 
offset 
addresses 
of operands 
in 
memory. These registers 
may contain 
base address- 
es or indexes 
to particular 
locations 
within 
a seg- 
ment. The addressing 
mode selects the specific 
reg- 
isters for operand 
and address 
calculations. 


STATUS 
AND CONTROL 
REGISTERS 


Two 16-bjt special 
purpose 
registers 
record 
or alter 
certain aspects 
of the 80188 processor 
state. These 
are the Instruction 
Pointer 
Register, 
which 
contains 
the offset 
address 
of the next sequential 
instruction 
to be executed, 
and the Status· Word Register, which 
contains 
status and control 
flag bits (see Figures 3a 
and 3b). 


STATUS 
WORD 
DESCRIPTION 


The Status Word records 
specific 
characteristics 
of 
the result of logical 
and arithmetic 
i·nstructions 
(bits 
0, 2, 4, 6, 7, and 11) and controls 
the operation 
of 
the 80188 
within 
a given operating 
mode (bits 8, 9, 
and 10). The Status 
Word 
Register 
is 16-bits 
wide. 
The 
function 
of the 
Status 
Word 
bits 
is shown 
in 
Table 2. 


16-81T 


REGISTER 


NAME 


SPECIAL 


REGISTER 


FUNCTlONS 


o 
7 


S 


AH 
AL 


OH 
DL 


CH 
CL 


BH 
BL 


I 
- 


STACK 
POtNTEA 
I: 


CX 


BX 


BYTE 


AOORESSABLE 
(8-BIT 


REGISTER 


NAMES 
SHOWN) 


MULTtPL YIDlVIDE 


110 INSTRUCTIONS 


LQOP/SHIFT/REPEAT/COUNT 


BASE 
REGISTERS 


BP 


INDEX 
REGISTERS 


III 


Si' 


15 


GENERAl 
REGISTERS 


15 


cs 


~ 


CCX>E SEGMENT 
SELECTOR 


os 
DATA SEGMENT 
SELECTOR 


ss 
STACK 
SEGMENT 
SELECTOR 


ES 
EXTRA 
SEGMENT 
SELECTOR 


SEGMENT 
REGISTERS 


15 


F 
I 


STATUS 
WORD 


IP 
INSTRUCTION 
POfNTER 


srATUS AND CONTROL. 


REGISTERS 


Figure 38. 80188 Register 
Set 
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STATUS 
FLAGS 


CARRY ----------=-----..,.---:-,-. 


PARITY 
-----;-''---------'-''---'---'- 


AUXILIARY 
CARRY 
--------;-------, 


ZERO 
------;-------, 


SIGN 
----------, 


OVERFLOW 
~ 


1~ 
14 
13 
12 
+11 
10 


STATUS WORD: ~~~~~~it:o~fI~~J:!r~~j;:~G~~r:~~[:~ 


CONTROL 
FLAGS 


'------- 
TRAP FLAG 


------- 
INTERRUP.T 
ENABLE, 


L- 
~__ 
'_NT_EL_R_ES_ER_Y_ED 
~~~~~~~~~~~~~~~~~_O_'R_EC_Tl_ON~f~LA_G 
2_1_07_0_6 __4_~11IIIIIII 


Table 2. Status Word Bit Functions 


Figure 3b. Status Word Format 


Instruction Set 
Bit 
Name 
Function 
Position 


0 
CF 
Carry Flag-Set 
on high-order 
bit carry or borrow; cleared 
otherwise 
. 


2 
PF 
Parity Flag-5et 
if low-order 
8 bits of result contain an even 
number of t-bits; 
cleared 
otherwise 


4 
AF 
Set on carry from or borrow to 
the low order four bits of AL; 
cleared otherwise - 


6 
ZF 
Zero Flag-Set 
if result is zero; 
cleared otherwise 


7 
SF. 
Sign Flag-Set 
equal to high- 


order bit of result (0 if positive, 
1 if negative) 


8 
TF 
Single Step Flag-Once 
set, a 
single step interrupt 
occurs 
after the next instruction 
executes. 
TF is cleared 
by the 
single step interrupt. 


9 
IF 
Interrupt-Enable 
Flag-When 
set, maskable 
interrupts 
will 
cause the CPU to transfer 
control to an interrupt vector 
specified 
location. 


10 
OF 
Direction 
Flag-Causes 
string 
instructions 
to auto decrement 
the appropriate 
index register 


when set. Clearing 
OF causes 
auto increment. 


11 
OF 
Overflow 
Flag-5et 
if the 
signed result cannot be 
expressed'within 
the number 
of bits in the destination 
operand; 
cleared otherwise 


The instruction 
set is divided 
into seven categories: 
I 


data 
transfer, 
arithmetic, 
shift/rotate/logical, 
string 


manipulation, 
control 
transfer, 
high-level 
instruc- 


tions, 
and processor 
control. 
These 
cateqories 
are 


summarized 
in Figure 4. 


An 80188 
instruction 
can reference 
anywhere 
from 


zero to several 
operands. 
An operand 
can reside in 


a register, in the instruction 
itself, or in memory. 
Spe- 


cific operand 
addressing 
modes 
are discussed 
later 


in this data sheet. 


Memory Organization 


Memory 
is organized 
in sets of segments. 
Each seg- 


ment is a linear contiguous 
sequence 
of up to 64K 


(216) 8-bit bytes. Memory 
is addressed 
using a two- 


component 
address 
(a pointer) that consists 
of a 16- 


bit base 
segment 
and 
a 16-bit 
offset. 
The 
16-bit 


base 
values 
are contained 
in one 
of four 
internal 


segment 
registers 
(code, 
data, 
stack, 
extra). 
The 


physical 
address 
is calculated 
by shifting 
the base 


value LEFT by four bits and adding the 16-bit offset 
value to yield a 20-bit 
physical 
address 
(see Figure 


5). This allows for a 1 MByte 
physical 
address 
size. 


All 
instructions 
that 
address 
operands 
in memory 


must specify the base segment 
and the 16-bit offset 


value. For speed and compact 
instruction 
encoding, 


the segmennegister 
used for physical 
address 
gen- 


eration 
is implied by the addressing 
mode used (see 


Table 
3). These 
rules follow 
the way programs 
are 


written 
(see Figure 6) as independent 
modules 
that 


require areas for code and data, a stack, and access 
to external 
data areas. 


Special 
segment 
override 
instruction 
prefixes 
allow 
the 
implicit 
segment 
register 
selection 
rules 
to be 


overridden 
for special 
cases. 
The stack, 
data, and 


extra segments 
may coincide 
for simple 
programs. 
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GENERAL 
PURPOSE 
MOVS 
Move byte or word string 


MOV 
Move byte or word 
INS 
Input bytes or word string 


PUSH 
Push word onto stack 
OUTS 
Output bytes or word string 
POP 
Pop word off stack 
CMPS 
Compare 
byte or word string 
PUSHA 
Push all registers 
on stack 
SCAS 
Scan byte or word string 
POPA 
Pop all registers 
from stack 
LOOS 
Load byte or word string 
XCHG 
Exchange 
byte or word 


XLAT 
Translate 
byte 
STOS 
Store byte or word string 


INPUT IOUTPUT 
REP 
Repeat 


IN 
Input byte or word 
REPE/REPZ 
Repeat 
while equal/zero 


OUT 
Output 
byte or word 
REPNE/REPNZ 
Repeat while not equal/not 
zero 


ADDRESS 
OBJECT 
LOGICALS 


LEA 
Load effective 
address 
NOT 
"Not" 
byte or word 


LDS 
Load pointer 
using OS 
AND 
"And" 
byte or word 
. 


LES 
Load pointer 
using ES 
OR 
"Inclusive 
or" byte or word 


XOR 
"Exclusive 
or" byte or word 
I' 
FLAG TRANSFER 
TEST 
"Test" 
byte or word 
LAHF 
Load AH register from flags 
SHIFTS 
SAHF 
Store AH register 
in flags 
SHLlSAL 
Shift logical/ arithmetic 
left byte or word 
PUSHF 
Push flags onto stack 
SHR 
Shift logical right byte or word 
POPF 
Pop flags off stack 
SAR 
Shift arithmetic 
right byte or word 


ADDITION 
ROTATES 


ADD 
Add byte or word 
ROL 
Rotate 
left byte or word 


ADC 
Add byte or word with carry 
ROR 
Rotate right byte or word 


INC 
Increment 
byte or word by 1 
RCL 
Rotate through 
carry left byte or word 


AAA 
ASCII adjust for addition 
RCR 
Rotate through 
carry right byte or word 


DAA 
Decimal 
adjust for addition 
FLAG OPERATIONS 


SUBTRACTION 
STC 
Set carry flag 


SUB 
Subtract 
byte or word 
CLC 
Clear carry flag 


SBB 
Subtract 
byte or word with borrow 
CMC 
Complement 
carry flag 


DEC 
Decrement 
byte or word by 1 
STD 
Set direction 
flag 


NEG 
Negate 
byte or word 
CLD 
Clear direction 
flag 


CMP 
Compare 
byte or word 
STI 
Set interrupt 
enable flag 


AAS 
ASCII adjust for. subtraction 
CLI 
Clear interrupt 
enable flag 


DAS 
Decimal 
adjust for subtraction 
EXTERNAL 
SYNCHRONIZATION 


MULTIPLICATION 
HLT 
Halt until interrupt 
or reset 


MUL 
Multiply 
byte or word unsigned 
WAIT 
Wait for TEST pin active 


IMUL 
Integer 
multiply 
byte or word 
ESC 
Escape to ex1ension processor 


AAM 
ASCII adjust for multiply 
LOCK 
Lock bus during next instruction 


DIVISION 
NO OPERATION 


DIV 
Divide byte or word unsigned 
NOP 
No operation 


IDIV 
Integer divide byte or word 
HIGH LEVEL INSTRUCTIONS 


AAD 
ASCII adjust for division 
ENTER 
Format stack for procedure 
entry 


CBW 
Convert 
byte to word 
LEAVE 
Restore 
stack for procedure 
exit 


CWD 
Convert 
word to doubleword 
BOUND 
Detects 
values outside 
prescribed 
range 


Figure 4. 80188 Instruction 
Set 


1-226 


80188 


CONDITIONAL 
TRANSFERS 
JO 
Jump if overflow 


JAlJNBE 
Jump if above/not 
below nor equal 
JP/JPE 
Jump if parity/parity 
even 


JAE/JNB 
Jump if above or equal/not 
below 
JS 
Jump if sign 


JB/JNAE 
Jump if below/not 
above nor equal 
UNCONDITIONAL 
TRANSFERS 


JBE/JNA 
Jump if below or equal/not 
above 
CALL 
CaU procedure 


JC 
Jump if carry 
RET 
Return from procedure 


JE/JZ 
Jump if equal/zero 
JMP 
Jump 


JG/JNLE 
Jump if greater/not 
less nor equal 
ITERATION 
CONTROLS 


JGE/JNL 
Jump if greater or equal/not 
less 
LOOP 
Loop 


JLlJNGE 
Jump if less/not 
greater 
nor equal 
LOOPE/LOOPZ 
Loop if equal/zero 


JLE/JNG 
Jump if less or equal/not 
greater 
LOOPNE/,LOOPNZ 
Loop if not equal/not 
zero 


JNC 
Jump if not carry 
JCXZ 
Jump if register 
CX = 0 


JNE/JNZ 
Jump if not equal/not 
zero 
INTERRUPTS 


JNO 
Jump if not overflow 
INT 
Interrupt 


JNP/JPO 
Jump if not parity/parity 
odd 
INTO 
Interrupt 
if overflow 


JNS 
Jump if not sign 
IRET 
Interrupt 
return 


Figure 
4. 80188 Instruction 
Set (Continued) 


To access operands 
that do not reside in one of the 
four 
immediately 
available 
segments, 
a full 
32-bit 
pointer 
can be used to reload 
both the base (seg- 
ment) and offset 
values. 
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Figure 5. Two Component 
Address 


Table 3. Segment 
Register 
Selection 
Rules 


Memory 
Segment 
Implicit 
Segment 
Reference 
Register 
Needed 
Used 
Selection 
Rule 


Instructions 
Code (CS) 
Instruction 
prefetch 
and 
immediate 
data. 


Stack 
Stack (SS) 
All stack pushes and 
pops; any memory 
references 
which use BP 
Register as a base 
register. 


External 
Extra (ES) 
All string instruction 
Data 
references 
which use 


(Global) 
the 01 register as an 
index. 
Local Data 
Data (OS) 
All other data references. 
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Figure 6. Segmented 
Memory 
Helps 
Structure 
Software 


address consists of two 16-bit components: .a seg- 
ment base and an offset. The segment base is sup- 
plied by a 16-bit segment register either implicitly 
chosen by the addressing mode or explicitly chosen 
by a segment override prefix. The offset, also called 
the effective address, is calculated by summing any 
combination of the following three address ele- 
ments: 
• the displacement 
(an 8- or 16-bit immediate value 
contained in the instruction); 
• the base (contents of either the BX or BP base 
registers); and 
• the index (contents of either the SI or 01 index 
registers). 


Any carry out from the 16-bit addition is ignored. 
Eight-bit displacements are sign extended to 16-bit 
values. 


Combinations of these three address elements de- 
fine the six memory addressing modes, described 
below. 


• 
Direct Mode: The operand's offset is contained in 
the instruction as an 8- or 16-bit displacement el- 
ement. 


• 
Register 
Indirect 
Mode: The operand's offset is in 
one of the registers SI, 01, BX, or BP. 


• 
Based Mode: The operand's offset is the sum of 
an 8- or 16-bit displacement and the contents of 
a base register (BX or BP). 


• 
Indexed 
Mode: The operand's offset is the sum 
of an 8- or 16-bit displacement and the contents 
of an index register (SI or 01). 


• 
Based Indexed Mode: The operand's offset is the 
sum of the contents of a base register and an 
index register. 


• 
Based Indexed 
Mode with Displacement: 
The op- 
erand's offset is the sum of a base register's con- 
tents, an index register's contents, and an 8- or 
16-bit displacement. 


- 
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16-bit offset component or a 16-bit segment base 
component in addition to a 16-bit offset compo- 
nent. 


• 
String: A contiguous sequence of bytes or words. 
A string may contain from 1 to 64K by1es. 


• ASGII: A by1erepresentation of alphanumeric and 


control characters using the ASCII standard of 
character representation. 


• 
BGD: A by1e (unpacked) representation of the 
decimal digits 0-9. 


• 
Packed 
BGD: A by1e(packed) representation of 
two decimal digits (0-9). One digit is stored in 
each nibble (4-bits) of the by1e. 


• 
Floating 
Point: A signed 32-, 64-, or 80-bit real 
number representation. (Floating point operands 
are supported using an 8087 Numeric Data Co- 
processor with the 80188.) 


In general, individual data elements must fit within 
defined segment limits. Figure 7 graphically repre- 
sents the data types supported by the 80188. 


I/O Space 


The l/O space consists of 64K 8-bit or 32K 16-bit 
ports. Separate instructions address the I/O space 
with either an 8-bit port address, specified in the in- 
struction, or a 16-bit port address in the OX register. 
8-bit port addresses are zero extended such that 
A15-Aa 
are LOW. l/O 
port addresses 00F8(H) 


through OOFF(H)are reserved. 


Interrupts 


An interrupt transfers execution to a new program 
location. The old program address (CS:IP) and ma- 
chine state (Status Word) are saved on the stack to 
allow resumption of the interrupted program. Inter- 
rupts fall into three classes: hardware initiated, INT 
instructions, and instruction exceptions. Hardware 
initiated interrupts occur in response to an external 
input and are classified as non-maskable or mask- 
able. 
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+1 


EXPONENT 
MAGNITUDE 


NOTE: 
'Supported using an 8087 Numeric 'Data Coprocessor 
with,the 80188. 


Figure 
7. 80188 Supported 
Data Types 


Programs 
may cause 
an interrupt 
with 
an INT in- 


struction. 
Instruction 
exceptions 
occur when an un- 


usual 
condition, 
which 
prevents 
further 
instruction 


processing, 
is detected 
while attempting 
to execute 
an instruction. 
If the exception 
was caused 
by exe- 


cuting an ESG instruction 
with the ESG trap bit set in 


the 
relocation 
register, 
the 
return 
instruction 
will 


point to the ESG instruction, 
or to the segment 
over- 
ride prefix 
immediately 
preceding 
the 
ESG instruc- 
tion if the prefix was present. 
In all other cases, the 
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return 
address 
from 
an exception 
will point 
at the 
instruction 
immediately 
following 
the 
instruction 


causing 
the exception. 


A table 
containing 
up to 256 
pointers 
defines 
the 


proper interrupt 
service routine for each interrupt. 
In- 
terrupts 
0-31, 
some 
of which 
are used for instruc- 


tion 
exceptions, 
are 
reserved. 
Table 
4 shows 
the 


80188 
predefined 
types 
and default 'priority 
levels. 


For each interrupt, 
an s-btt vector 
must be supplied 


to the 80188 
which 
identifies 
the appropriate 
table 


entry. 
Exceptions 
supply 
the 
interrupt 
vector 
inter- 


nally. 
In addition, 
internal 
peripherals 
and 
noncas- 
• 
caded 
external 
interrupts 
will 
generate 
their 
own 


vectors 
through 
the internal 
interrupt 
controller. 
INT 


instructions 
contain 
or imply 
the 
vector 
and 
allow 


access 
to all 256 interrupts. 
Maskable 
hardware 
ini- 


tiated 
interrupts 
supply 
the 8-bit vector 
to the GPU 


during 
an 
interrupt 
acknowledge 
bus 
sequence. 


Non-maskable 
hardware 
interrupts 
use a predefined 


internally 
supplied 
vector. 


Interrupt Sources 


The 80188 can service 
interrupts 
generated 
by soft- 


ware or hardware. 
The software 
interrupts 
are gen- 


erated 
by specific 
instructions 
(INT, 
ESG, unused 


OP, etc.) 
or the 
results 
of conditions 
specified 
by 


instructions 
(array 
bounds 
check, 
INTO, OIV, 101V, 


etc.). All interrupt 
sources 
are serviced 
by an indirect 


call through an element 
of a vector table. This vector 


table 
is indexed 
by using the interrupt 
vector 
type 


(Table 4), multiplied 
by four. All hardware-generated 


interrupts 
are sampled 
at the end of each 
instruc- 


tion. Thus, the software 
interrupts 
will begin service 


first. Once the service 
routine 
is entered 
and inter- 


rupts are enabled, 
any hardware 
source of sufficient 


priority can interrupt 
the service 
routine in progress. 


Those pre-defined 
80188 interrupts 
which cannot 
be 


masked 
by proqrarnmmq 
are described 
below. 


DIVIDE 
ERROR EXCEPTION 
(TYPE 0) 


Generated 
when 
a OIV or 10lV instruction 
quotient 


cannot 
be expressed 
in the 
number 
of bits in the 


destination. 


SINGLE-STEP 
INTERRUPT 
(TYPE 1) 


Generated 
after 
most 
instructions 
if the TF flag is 


set. Interrupts 
will not be generated 
after 
prefix 
in- 


structions 
(e.g., REP), instructions 
which modify seg- 


ment registers 
(e.g., POP OS), or the WAIT instruc- 


tion. 


NON-MASKABLE 
INTERRUPT-NMI 
(TYPE 2) 


An 
external 
interrupt 
source 
which 
cannot 
be 


masked. 


1-229 


80188 


Table 4 80188 Interrupt 
Vectors 


Interrupt 
Vector 
Vector 
Default 
Related 
Applicable 
Name 
Type 
Address 
PrIorIty 
InstructIons 
Notes 


Divide Error 
0 
OOH 
1 
DIV,IDIV 
1 
Exception 


Single Step 
1 
04H 
1A 
All 
2 
Interrupt 


Non-Maskable 
2 
OBH 
1 
All 
Interrupt (NMI) 


Breakpoint 
3 
OCH 
1 
INT 
1 
Interrupt 


INTO Detected 
4 
10H 
1 
INTO 
1 . 


Overflow 
Exception 


Array Bounds 
5 
14H 
1 
BOUND 
1 
Exception 


Unused Opcode 
6 
1BH 
1 
Undefined 
1 
Exception 
Opcodes 


ESCOpcode 
7 
1CH 
1 
ESCOpcodes 
1,3 
Exception 


Timer 0 Interrupt 
B 
20H 
2A 
4,5 


Timer 1 Interrupt 
18 
48H 
2B 
4,5 


Timer 2 Interrupt 
19 
4CH 
2C 
4,5 


Reserved 
9 
24H 
3 


DMA 0 Interrupt 
10 
2BH 
4 
5 


DMA 1 Interrupt 
11 
2CH 
5 
5 


INTO Interrupt 
12 
30H 
6 


INT1 Interrupt 
13 
34H 
7 


INT2 Interrupt 
14 
3BH 
B 
'. 


INT3 Interrupt 
15 
3CH 
9 


Reserved 
16,17 
40H,44H 


Reserved 
20-31 
50H ... 7CH 


NOTES: 
Default priorities for the interrupt sources are used only if the user does not program each source into a unique priority level. 
1. Generated as a result of an instruction execution. 
2. Performed in same manner as 8088. 
3. An ESC opcode will cause a trap if the power bit is set in the peripheral control block relocation register. 
4. All three timers constitute one source of request to the interrupt controller. As such, they share the same priority level with 
respect to other interrupt sources. However, the timers have a defined priority order among themselves (2A > 28 > 2C). 
5. The vector type numbers for these sources are programmable in Slave Mode. 


BREAKPOINT 
INTERRUPT 
(TYPE 
3) 
ARRAY 
BOUNDS 
EXCEPTION 
(TYPE 
5) 


Generated 
during 
a BOUND 
instruction 
if the array 
index is outside the array bounds. The array bounds 
are located 
in memory at a location 
indicated 
by one 
of the instruction 
operands. 
The other operand 
indi- 
cates the value of the index to be checked. 


A one-byte 
version 
of the INT instruction. 
It uses 12 
as an index 
into the service 
routine 
address 
table 
(because 
it is a type 3 interrupt). 


INTO DETECTED 
OVERFLOW 
EXCEPTION 
(TYPE 
4) 


Generated 
during an INTO instruction 
if the OF bit is 
set. 


UNUSED 
OPCODE 
EXCEPTION 
(TYPE 
6) 


Generated 
if execution 
is attempted 
on undefined 
opcodes. 
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Ine vector types tor mese Interrupts are shown In 
Table 4. Software enables these inputs by setting 
the Interrupt Flag bit (IF) in the Status Word. The 
interrupt controller is discussed in the peripheral 
section of this data sheet. 


Further maskable interrupts are disabled while serv- 
icing an interrupt because the IF bit is reset as part 
of the response to an interrupt or exception. The 
saved Status Word will reflect the enable status of 
the processor prior to the interrupt. The interrupt flag 
will remain zero unless specifically set. The interrupt 
return instruction restores the Status Word, thereby 
restoring the original status of IF bit. If the interrupt 
return re-enables interrupts, and another interrupt is 
pending, the 80188 will immediately service the 
highest-priority interrupt pending, i.e., no instructions 
of the main line program will be executed. 


Non-Maskable 
Interrupt 
Request (NMI) 


A non-maskable interrupt (NMI) is also provided. 
This interrupt is serviced regardless of the state of 
the IF bit. A typical use of NMI would be to activate a 
power failure routine. The activation of this input 
causes an interrupt with an internally supplied vector 
value of 2. No external interrupt acknowledge se- 
quence is performed. The IF bit is cleared at the 
beginning of an NMI interrupt to prevent maskable 
interrupts from being serviced. 


Single-Step 
Interrupt 


The 80188 has an internal interrupt that allows pro- 
grams to execute one instruction at a time. It is 
called the single-step interrupt and is controlled by 
the single-step flag bit (TF) in the Status Word. Once 
this bit is set, an internal single-step interrupt will 
occur after the next instruction has been executed. 
The interrupt clears the TF bit and uses an internally 
supplied vector of 1. The IRET instruction is used to 
set the TF bit and transfer control to the next instruc- 
tion to be single-stepped. 


FFFF(H) 
OOOO(H) 
OOOO(H) 
OOOO(H) 
20FF(H) 
FFFB(H) 


Code Segment 
Data Segment 
Extra Segment 
Stack Segment 
Relocation Register 
UMCS 


THE 80188 COMPARED 
TO 
THE 80186 


The 80188 CPU is an 8-bit processor designed 
around the 80186 internal structure. Most internal 
functions of the 80188 are identical to the equivalent 
80186 functions. The 80188 handles the external 
bus the same way the 80186 does with the distinc- 
tion of handling only 8 bits at a time. Sixteen bit op- 
erands are fetched or written in two consecutive bus 
cycles. Both processors will appear identical to the 
software engineer, with the exception of execution 
time. The internal register structure is identical and 
all instructions have the same end result. The differ- 
ences between the 80188 and the 80186 are out- 
lined below. Internally, there are three differences 
between the 80188 and the 80186. All Changesare 
related to the s-blt bus interface. 
• The queue length is 4 bytes in the 80188, where- 


as the 80186 queue contains 6 bytes, or three 
words. The queue was shortened to prevent 
overuse of the bus by the BIU when prefetching 
instructions. This was' required because of the 
additional time necessary to fetch instructions 8 
bits at a time. 
• To further optimize the queue, the prefetching al- 


gorithm was changed. The 80188 BIU will fetch a 
new instruction to load into the queue each time 
there is a 1-byte hole (space available) in the 
queue. The 80186 waits until a 2-byte space is 
available. 
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• 
The internal 
execution 
time of the instruction 
is 
affected 
by the 8-bit interface. 
All 16-bit fetches 
and 
writes 
from/to 
memory 
take 
an additional 
four clock 
cycles. 
The CPU may also be limited 
by the speed of instruction 
fetches 
when a series 
of simple 
operations 
occur. 
When 
the more 
so- 
phisticated 
instructions 
of the 
80188 
are being 
used, the queue has time to fill and the execution 
proceeds 
as fast as the execution 
unit will allow. 


The 80188 and 80186 are completely 
software 
com- 
patible 
by virtue 
of their 
identical 
execution 
units. 


Software 
that is system dependent 
may not be com- 
pletely 
transferable, 
but software 
that is not system 
dependent 
will operate 
equally 
well on an 80188 
or 
an 80186. 


The 
hardware 
interface 
of the 80188 
contains 
the 
major 
differences 
between 
the two CPUs. The pin 
assignments 
are nearly identical, 
however, 
with the 
following 
functional 
changes. 


• 
A8-A 
15- 
These 
pins 
are only 
address 
outputs 
on the 80188. 
These 
address 
lines are latched 


internally 
and remain valid throughout 
a bus cycle 


in a manner 
similar 
to the 8085 
upper 
address 
lines. 


• 
BHE has no meaning on the 80188 and has been 
eliminated. 


80188 Clock Generator 


The 80188 
provides 
an on-chip 
clock 
generator 
for 
both 
internal 
and 
external 
clock 
generation. 
The 
clock generator 
features 
a crystal oscillator, 
a divide- 
by-two 
counter, 
synchronous 
and 
asynchronous 
ready inputs, and reset circuitry. 


Oscillator 


The oscillator 
circuit of the 80188 
is designed 
to be 
used 
with 
a parallel 
resonant 
fundamental 
mode 
crystal. This is used as the time base for the 80188. 
The 
crystal 
frequency 
selected 
will be double 
the 
CPU clock 
frequency. 
Use of an LC or RC circuit 
is 
not recommended 
with this oscillator. 
If an external 
oscillator 
is used, it can b!l connected 
directly 
to in- 
put pin X1 in lieu of a crystal. The output of the oscil- 
lator is not directly 
available 
outside 
the 80188. The 
recommended 
crystal 
configuration 
is 
shown 
in 
Figure 8. 


Intel recommends 
the following 
values for crystal se- 
lection 
parameters. 


Temperature 
Range: 
ESR (Equivalent Series Resistance): 
Co (Shunt Capacitance 
of Crystal): 


Cl (Load Capacitance): 
Drive Level: 


o to 70·C 
30fimax 
7.0 pf max 
20pf±2pf 
1 mWmax 


80118 


x,I-------I 


x,I-------j 
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Figure 
8. Recommended 
8 MHz 80188 
Crystal 
Configuration 


Clock Generator 


The 80188 
clock 
generator 
provides 
the 50% 
duty 
cycle processor 
clock for the 80188. 
It does this by 
dividing 
the oscillator 
output 
by 2 forming 
the sym- 
metrical 
clock. 
If an external 
oscillator 
is used, the 
state of the clock 
generator 
will change 
on the fail- 
ing edge of the oscillator 
signal. 
The CLKOUT 
pin 
provides 
the processor 
clock 
signal for use outside 
the 80188. This may be used to drive other 
system 
components. 
All timings are referenced 
to the output 
clock. 


READY Synchronization 


The 
80188 
provides 
both 
synchronous 
and 
asyn- 
chronous 
ready 
inputs. 
Asynchronous 
ready 
syn- 
chronization 
is accomplished 
by circuitry 
which sam- 
ples ARDY in the middle of T2, T3, and again in the 
middle 
of each 
Tw until ARDY 
is sampled 
HIGH. 
One-half 
CLKOUT 
cycle 
of resolution 
time 
is used 
for full synchronization 
of a rising ARDY 
signal. 
A 
high-to-Iow 
transition 
on ARDY 
may be used as an 
indication 
of the not ready condition 
but it must be 
performed 
synchronously 
to CLKOUT 
either 
in the 
middle of T2, T3, or TW' or at the falling 
edge of T3 
orTw· 


A second 
ready 
input 
(SRDY) 
is provided 
to inter- 
face with externally 
synchronized 
ready signals. This 
input is sampled 
at the end of T2, T3, and again at 
the 
end 
of each 
Tw until 
it is sampled 
HIGH. 
By 
using this input rather than the asynchronous 
ready 
input, the half-clock 
cycle resolution 
time penalty 
is 
eliminated. 


This input must satisfy set-up and hold times to guar- 
antee proper operation 
of the circuit. 
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In addition, 
the 80188, as part of the integrated 
chip- 
select 
logic, 
has 
the 
capability 
to 
program 
WAIT 
states for memory 
and peripheral 
blocks. This is dis- 
cussed 
in the Chip Select/Ready 
Logic description. 


RESET Logic 


The 80188 provides 
both a RES input pin and a syn- 
chronized 
RESET outp~in 
for use with other sys- 
tem components. 
The RES input pin on the 80188 is 
provided 
with hysteresis 
in order to facilitate 
power- 
on Reset generation 
via an RC network. 
RESET out- 


put is guaranteed 
to remain 
active 
for at least five 
clocks 
given a RES input of at least six clocks. 
RE- 
SET may be delayed 
up to approximately 
two and 
one-half 
clocks 
behind 
RES. 


Multiple 
80188 
processors 
may 
be 
synchronized 
through 
the 
RES input 
pin, since 
this 
input 
resets 
both the processor 
and divide-by-two 
internal 
count- 
er in the clock generator. 
In order to ensure that the 
divide-by-two 
counters 
a" 
begin 
counting 
at 
the 
same time, the active going edge of RES must satis- 
fy a 25 ns setup time before the falling 
edge of the 
80188 clock input. In addition, 
in order to ensure that 
a" CPUs 
begin 
executing 
in the same 
clock 
cycle, 


the reset must satisfy a 25 ns setup time before the 
rising edge of the CLKOUT 
signal of a" the proces- 
sors. 


LOCAL BUS CONTROLLER 


The 80188 
provides 
a local bus controller 
to gener- 
ate the local bus control 
signals. 
In addition, 
it em- 
ploys 
a HOLD/HLDA 
protocol 
for relinquishing 
the 
local bus to other bus masters. 
It also provides 
out- 
puts that can be used to enable external 
buffers and 
to direct the flow of data on and off the local bus. 


Memory IPeripheral 
Control 


The 80188 
provides 
ALE, RD, and WR bus control 
signals. The RD and WR signals are used to strobe 
data from memory 
or I/O to the 80188 
or to strobe 
data from the 80188 to memory or I/O. The ALE line 
provides 
a strobe 
to latch 
the 
address 
when 
it is 
valid. The 80188 
local bus controller 
does 
not pro- 
vide a memory/I/O 
signal. If this is required, 
use the 
52 signal (which will require external 
latching), 
make 
the memory 
and I/O spaces 
nonoverlapping, 
or use 
only the integrated 
chip-select 
circuitry. 


Transceiver 
Control 


The 80188 
generates 
two control 
signals 
for exter- 


nal transceiver 
chips. This capability 
allows the addi- 
tion of transceivers 
for extra buffering 
without 
adding 


external 
logic. These 
control 
lines, DT /R and DEN, 


are generated 
to control 
the flow of data through 
the 
transceivers. 
The 
operation 
of 
these. 
signals 
is 


shown 
in Table 6. 


Table 6. Transceiver 
Control 
Signals Description 


Pin Name 
Function 


DEN (Data Enable) 
Enables the output 
drivers of the 
transceivers. 
It is active 
LOW during memory, 
110, or INTA cycles. 


I DT /R (Data Transmit/ 
Determines 
the direction 


Receive) 
of travel through the 
transceivers. 
A HIGH 
level directs data away 
from the processor 
during write operations, 
while a LOW level directs 
data toward the 
processor 
during a read 
operation. 


Local Bus Arbitration 


The 80188 uses a HOLD/HLDA 
system 
of local bus 


exchange. 
This provides 
an asynchronous 
bus ex- 


change 
mechanism. 
This 
means 
multiple 
masters 


utilizing the same bus can operate 
at separate 
clock 
frequencies. 
The 
80188 
provides 
a single 
HOLD/ 
HLDA pair through 
which a" other bus masters 
may 
gain control 
of the local bus. External 
circuitry 
must 


arbitrate 
which 
external 
device 
will gain control 
of 


the bus when there is more than one alternate 
local 


bus master. When the 80188 relinquishes 
control 
of 


the local bus, it floats DEN, RD, WR, SO-52, 
LOCK, 


ADO-AD7, 
A8-A19, 
57, and DT/R 
to allow another 
master to drive these 
lines directly. 


The 
80188 
HOLD 
latency 
time, 
l.e., the 
time 
be- 
tween 
HOLD request 
and HOLD acknowledge, 
is a 
function 
of the 
activity 
occurring 
in the 
processor 
when 
the 
HOLD 
request 
is received. 
A HOLD 
re- 
quest 
is the 
highest-priority 
activity 
request 
which 


the processor 
may receive: 
higher 
than 
instruction 
fetching 
or internal 
DMA cycles. 
However, 
if a DMA 
cycle 
is in progress, 
the 
80188 
will 
complete 
the 
transfer 
before 
relinquishing 
the 
bus. 
This 
implies 
that 
if a HOLD 
request 
is received 
just as a DMA 


transfer 
begins, 
the 
HOLD 
latency 
time 
can be as 


great as 4 bus cycles. This will occur if a DMA word 
transfer 
operation 
is taking 
place 
from 
an odd ad- 


dress to an odd address. 
This is a total of 16 clocks 


or more, 
if WAIT 
states 
are required. 
In addition, 
if 


locked 
transfers 
are performed, 
the 
HOLD 
latency 


time will be increased 
by the 
length 
of the 
locked 
transfer. 
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Local Bus Controller 
and Reset 


80188 


During 
RESET 
the local bus controller 
will perform 
the following 
actions: 


• 
Drive DEN, RD, and WR HIGH for one clock 
cy- 
cle, then float. 


NOTE: 
RD is also provided 
with an internal 
pull-up 
device 
to prevent 
the 
processor 
from 
inadvertently 
enter- 
• 
ing Queue Status 
Mode during RESET. 


• 
Drive SO-52 
to the inactive 
state (all HIGH) and 
then float. 


• 
Drive LOCK HIGH and then float. 


• 
Three-state 
ADO-7, 
A8-19, 
57, DT/R. 


• 
Drive ALE LOW (ALE is never floated). 


• 
Drive HLDA LOW. 


INTERNAL 
PERIPHERAL 
INTERFACE 


All the 80188 
integrated 
peripherals 
are controlled 
by 16-bit registers 
contained 
within an internal 
256- 
byte 
control 
block. 
The 
control 
block 
may 
be 
mapped 
into either 
memory 
or 1/0 
space. 
Internal 
logic will recognize 
control 
block addresses 
and re- 
spond 
to bus cycles. 
During 
bus cycles 
to internal 
registers, 
the bus controller 
will signal the operation 
externally 
(i.e., the 
RD, Vl(R, status, 
address, 
data, 
etc., lines will be driven 
as in a normal .bus cycle), 
but 07-0, SRDY, 
and 
ARDY 
will 
be ignored. 
The 
base 
address 
of the control 
block 
must 
be on an 
even 256-byte 
boundary 
(i.e., the lower 8 bits of the 
base address 
are all zeros). All of the defined 
regis- 
ters within this control 
block 
may be read or written 
by the 80188 CPU at any time 


The control 
block base address 
is programmed 
by a 
16-bit relocation 
register contained 
within the control 
block 
at offset 
FEH from 
the base address 
of the 
control 
block (see Figure 9). It provides 
the upper 12 
bits of the base address 
of the control 
block. 
Note 
that 
mapping 
the control 
register 
block 
into an ad- 
dress range corresponding 
to a chip-select 
range is 
not 
recommended 
(the 
chip 
select 
circuitry 
is dis- 
cussed 
later in this data sheet. 
In addition, 
bit 12 of 
this 
register 
determines 
whether 
the 
control 
block 
will be mapped 
into I/O or memory 
space. 
If this bit 
is 1, the 
control 
block 
will 
be located 
in memory 
space. If the bit is 0, the control 
block will be located 
in 1/0 space. 
If the control 
register 
block is mapped 
into 1/0 space, the upper 4 bits oHhe 
base address 
must be programmed 
as 0 (since 1/0 addresses 
are 
only 16 bits wide). 


Whenever 
mapping 
the 188 peripheral 
control 
block 
to another 
location, 
the programming 
of the reloca- 
tion register 
should 
be done 
with a byte write 
(i.e. 
OUT 
DX,AL). 
Any 
access 
to the 
control 
block 
is 
done 
16 bits at a time. Thus, 
internally, 
the reloca- 
tion register 
will get written 
with 
16 bits of the AX 
register 
while 
externally, 
the 
BIU will run only 
one 
8-bit bus cycle. If a word instruction 
is used (i.e. OUT 
DX,AX), the relocation 
register 
will be written 
on the 
first bus cycle. The Bus Interface 
Unit (BIU) will then 
run a second 
bus cycle which 
is unnecessary. 
The 
address 
of the second 
bus cycle 
will no longer 
be 
within 
the control 
block 
(i.e. the control 
block 
was 
moved on the first cycle), and therefore, 
will require 
the generation 
of an external 
ready signal 
to com- 
plete the cycle. For this reason we recommend 
byte 
operations 
to the 
relocation 
register. 
Byte 
instruc- 
tions may also be used for the other registers 
in the 
control 
block and will eliminate 
half of the bus cycles 
required 
if a word 
operation 
had, been 
specified. 
Byte operations 
are only valid 
on even 
addresses 
though, 
and are undefined 
on odd addresses. 


In addition 
to providing 
relocation 
information 
for the 
control 
block, 
the 
relocation 
register 
contains 
bits 
which place the interrupt 
controller 
into Slave Mode, 
and cause 
the CPU to interrupt 
upon encountering 
ESC instructions. 
At RESET, 
the relocation 
register 
is set to 20FFH which maps the control 
block to start 
at 
FFOOH in 
1/0 
space. 
An 
offset 
map 
of 
the 
256-byte 
control 
register 
block 
is shown 
in Figure 
10. 


CHIP-SELECT IREADY 
GENERATION 
LOGIC 


The 80188 
contains 
logic which 
provides 
program- 
mable chip-select 
generation 
for both memories 
and 
peripherals. 
In addition, 
it can 
be programmed 
to 
provide 
READY 
(or WAIT 
state) 
generation. 
It can 
also provide 
latched 
address 
bits A 1 and A2. The 
chip-select 
lines are active 
for all memory 
and 1/0 
cycles 
in their programmed 
areas, whether 
they be 
generated 
by the CPU or by the integrated 
DMA unit. 


Memory Chip Selects 


The 80188 
provides 
6 memory 
chip select 
outputs 
for 3 address 
areas: upper memory, 
lower memory, 
and midrange 
memory. 
One each is provided 
for up- 
per memory 
and lower memory, 
while four are pro- 
vided for midrange 
memory. 


The range for each chip select 
is user-programma- 
ble and can be set to 2K, 4K, 8K, 16K, 32K, 64K, 
128K (plus 1K and 256K 
for upper 
and lower 
chip 
selects). 
In addition, 
the beginning 
or base address 
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15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
0 
OFFSET: 
FEH I ET ! SLAVE/~! 
X 
!M/IO! 
RelocalionAddress Bils R19-R8 
ET 
= ESCTrap I No ESCTrap (1/0) 
MIIO =tfm~Rblock localed in Memory 11/0 Space (1/0) 
SLAVEI 
= Configure inlerrupt controller for Slave/MAS1'rn Mode (1/0) 


OFFSET 


Figure 9. Relocation 
Register 


Relocation Register 


DMA Descriptors Channel 1 


DMA Descriptors Channel 0 


Chip-Select Control Registers 


TImer 2 Control Registers 


Timer 1 Control Registers 


TImer 0 Control Registers 


Interrupt Controller Registers 


FEH 


DAH 


DOH 


CAH 


COH 


A8H 


AOH 


66H 


60H 


5EH 


58H 


56H 


SOH 


3EH 


20H 


Figure 10.Internal Register 
Map 


of the 
midrange 
memory 
chip 
select 
may also 
be 
selected. 
Only one chip select 
may be programmed 
to be active 
for any memory 
location 
at a time. All 
chip select 
sizes are in bytes. 


Upper Memory CS 


The 80188 
provides 
a chip select, 
called 
UCS, for 
the top 
of memory. 
The top 
of memory 
is usually 
used as the system memory 
because 
after reset the 
80188 
begins 
executing 
at 
memory 
location 
FFFFOH. 


The upper limit of memory defined 
by this chip select 
is always 
FFFFFH, 
while the lower limit is program- 
mable. 
By programming 
the lower 
limit, the size of 
the select 
block 
is also defined. 
Table 7 shows 
the. 
relationship 
between 
the base address 
selected 
and 
the size of the memory 
block obtained. 


Table 7. UMCS Programming 
Values 


Starting 
Memory 
UMCSValue 
Address 
(Base 
Block 
(Assuming 


Address) 
Size 
RO=R1=R2=0) 


FFCOO 
1K 
FFF8H 
FF800 
2K 
FFB8H 
FFOOO 
4K 
FF38H 
FEOOO 
8K 
FE38H 
FCOOO 
16K 
FC38H 
F8000 
32K 
F838H 
FOOOO 
64K 
F038H 
EOOOO 
128K 
E038H 
COOOO 
256K 
C038H 


The lower limit of this memory block is defined 
in the 
UMCS 
register 
(see 
Figure 
11). This 
register 
is at 
offset 
AOH in the 
internal 
control 
block. 
The 
legal 
values 
for bits 6-13 
and the 
resulting 
starting 
ad- 
dress and memory 
block sizes are give,n in Table 7. 
Any combination 
of bits 6-13 
not shown 
in Table 7 
will 
result 
in undefined 
operation. 
After 
reset, 
the 
UMCS register 
is programmed 
for a 1K area. It must 
be reprogrammed 
if a larger upper 
memory 
area is 
desired. 


The internal 
generation 
of any 20-bit address 
whose 
upper 16 bits are equal to or greater than the UMCS 
value (with bits 0-5 
as "0") 
asserts OCS. UMCS bits 
R2-RO 
specify the ready mode for the area of mem- 
ory defined 
by the chip select 
register, 
as explained 
later. 


Lower Memory CS 


The 80188 
provides 
a chip select 
for low memory 
called LCS. The bottom 
of memory 
contains 
the in- 
terrupt 
vector 
table, starting 
at location 
OOOOOH. 


1-235 


inter 
80188 


The lower limit of memory defined 
by this chip select 
is always OH, while the upper limit is programmable. 
8y 
programming 
the 
upper 
limit, 
the 
size 
of 
the 
memory block is defined. Table 8 shows the relation- 
ship between 
the 
upper 
address 
selected 
and the 
size of the memory 
block obtained. 


Table 8. LMCS Programming 
Values 


Upper 
Memory 
LMCSValue 


Address 
Block 
(Assuming 
Size 
RO=R1=R2=O) 


003FFH 
1K 
0038H 
007FFH 
2K 
0078H 
OOFFFH 
4K 
00F8H 
01FFFH 
8K 
01F8H 
03FFFH 
16K 
03F8H 
07FFFH 
32K 
07F8H 
OFFFFH 
64K 
OFF8H 
1FFFFH 
128K 
1FF8H 
3FFFFH 
256K 
3FF8H 


The upper limi' of this memory block is defined 
in the 
LMCS register 
(see Figure 
12) at offset 
A2H in the 
internal 
control 
block. The legal values for bits 6-15 
and the resulting 
upper address 
and memory 
block 
sizes are given in Table 
8. Any combination 
of bits 
6-15 
not shown 
in Table 
8 will result 
in undefined 
operation. 
After 
RESET, the LMCS register 
value is 
undefined. 
However, 
the LCS chip-select 
line will not 
become 
active 
until the LMCS register 
is accessed. 


Any internally 
generated 
20-bit 
address 
whose 
up- 
per 16 bits are less than or equal to LMCS (with bits 
0-5 
"1 ") will assert 
LCS. LMCS register bits R2-RO 
specify 
the 
READY 
mode 
for the area of memory 
defined 
by this chip-select 
register. 


Mid-Rang~Memory CS ' 


The 80188 provides 
four MCS lines which are active 
within 
a user-locatable 
memory 
block. 
This 
block 
can be located 
within 
the 80188 
1M byte memory 
address 
space 
exclusive 
of the 
areas 
defined 
by 
UCS and [CS. Both ttie 
base address 
and size of 
this memory 
block are programmable. 


The size of the memory 
block 
defined 
by the mid- 
range 
select 
lines, 
as shown 
in Table 
9, is deter- 


mined by bits 8-14 
of the MPCS register (see Figure 
13). This register 
is at location 
A8H in the internal 
control 
block. 
One and only one of bits 8-14 
must 
be set at a time. Unpredictable 
operation 
of the MCS 
lines will otherwise 
occur. 
Each of the four Chip-se- 
lect lines is active for one of the four equal contigu- 
ous 
divisions 
of the 
mid-range 
block. 
If the 
total 
block size is 32K, each chip select is active for 8K of 
memory 
with MCSO being active 
for the first range 
and MCS3 being active for the last range. 


The EX and MS in MPCS relate to peripheral 
func- 
tionality 
as described 
in a later section. 


Table 
9. MPCS Programming 
Values 


Total 
Block 
Individual 
MPCSBits 


Size 
Select 
Size 
14-8 


8K 
2K 
00000018 
16K 
4K 
00000108 
32K 
8K 
00001008 
64K 
16K 
00010008 
128K 
32K 
00100008 
256K 
64K 
' 01000008 
512K 
128K 
10000008 


The base address 
of the mid-range 
memory 
block is 
defined 
by bits 15-9 
of the MMCS register 
(see Fig- 
ure 14). This register 
is at offset 
A6H in the internal 
control 
block. 
These 
bits 
correspond 
to 
bits 
A19-A13 
of 
the 
20-bit 
memory 
address. 
8its 
A 12-AO 
of the base address are always O.The base 
address 
may be set at any integer 
multiple 
of the 
size of the total memory 
block selected. 
For exam- 
ple, if the mid-range 
block size is 32K (or the size of 
the block for which 
each 
MCS line 'is active 
is 8K), 
the block 
could 
be located 
at 10000H 
or 18000H, 
but not at 14000H, 
since the first few integer 
multi- 
ples 
of 
a 
32K 
memory 
block 
are 
OH, 
8000H, 
10000H, 
18000H, 
etc. After RESET, the contents 
of 
both 
of 
these 
registers 
are 
undefined. 
However, 
none of the MCS lines will be active 
until both the 
MMCS and MPCS registers 
are accessed. 


15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
4 
3 
2 
1 
0 


OFFSET: 
AOHI 
1 
I 
1 
U 
I 
u 
I 
u 
I 
u 
I 
u 
u 
u I u I 
1 
1 I R2 I R1 I RO I 


A19 
A10 


Figure 
11. UMCS Register 


15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


OFFSET: 
A2HJ 
0 I 
0 
u 
u I u 
u I u 
u 
u I u I 
1 
1 
1 I R2 I R1 I RO I 
A19 
A10 


Figure 
12. LMCS Register 
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15 
14 
13 
12 
11 
10 
9 
B 
7 
6 
5 
4 
3 
2 
1 
0 


OFFSET: 
ABH I 
1 I M6 I M5 I M4 I M3 I M2 I M1 I MO I EX I MS I 
1 
1 
1 I R2 I R1 I RO I 


Figure 13. MPCS Register 


15 
9 
3 
0 


OFFSET: 
A6H I u I u I u I u I u I u I u I 
1 I 
1 I 
1 


A19 
A13 


1 I 
1 
1 I R2 I R1 I RO I 


Figure 14. MMCS Register 


MMCS bits R2-RO specify READY mode of opera- 
tion for all four mid-range chip selects. 


The 512K block size for the mid-range memory chip 
selects is a special case. When using 512K, the 
base address would have to be at either locations 
OOOOOHor 80000H. If it were to be programmed at 
OOOOOHwhen the LCS line was programmed, there 
would be an internal conflict between the LCS ready 
g"enerationlogic and the MCS ready generation log- 
ic. Likewise, if the base address were programmed 
at 80DDOH,there would be a conflict with the UCS 
ready generation logic. Since the LCS chip-select 
line does not become active until programmed, while 
the UCS line is active at reset, the memory base can 
be set only at DOODDH.If this base address is select- 
ed, however, the LCS range must not be pro- 
grammed. 


Peripheral Chip Selects 


The 80188 can generate chip selects for up to seven 
peripheral devices. These chip selects are active for 
seven contiguous blocks of 128 bytes above a pro- 
grammable base address. The base address may be 
located in either memory or 1/0 space. 


Seven CS lines called PCSO-6 are generated by the 
80188. The base address is user-programmable; 


however it can only be a multiple of 1K bytes, i.e., 
the least significant 10 bits of the starting address 
are always O. 


PCS5and PCS6can also be programmed to provide 
latched address bits A1 and A2. If so programmed, 
they cannot be used as peripheral selects. These 
outputs can be connected directly to the AOand A1 
pins used for selecting internal registers of 8-bit pe- 
.rlpheral chips. 


The starting address of the peripheral chip-select 
block is defined by the PACS,register (see Figure 
15).The register is located at offset A4H in the inter- 
nal control block. Bits 15-6 of this register corre- 
spond to bits 19-10 
of the 20-bit Programmable 


Base Address (PBA) of the peripheral chip-select 
block. Bits 9-0 of the PBA of the peripheral chip-se- 
lect block are all zeros. If the chip-select block is 
located in 1/0 
space, bits 12-15 
must be pro- 


grammed zero, since the 1/0 address is only 16 bits 
wide. Table 1D shows the address range of each 
peripheral chip select with respect to the PBA con- 
tained in PACS register. 


15 
6 
5 
3 
0 


OFFSET: 
A4H I u I u I u I u I u I u I u I u I u I u I 
1 I 
1 
1 
R2 I R1 I RO I 


A19 
A10 


Figure 15. PACS Register 
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Table 
12. READY 
Bits Programming 
The user should program 
bits 15-6 
to correspond 
to 
the desired 
peripheral 
base location. 
PACS bits 0-2 
are used to specify 
READY 
mode for PCSO-PCS3. 


Table 
10. PCS Address 
Ranges 


PCS Line 
Active 
between 
Locations 


PCSO 
PBA 
-PBA+127 


11 
PCS1 
PBA + 128-PBA 
+ 255 
PCS2 
PBA + 256-PBA 
+ 383 


PCS3 
PBA + 384-PBA 
+ 511 


PCS4 
PBA + 512-PBA 
+ 639 
PCS5 
PBA + 640-PBA 
+ 767 


PCS6 
PBA + 768-PBA 
+ 895 


The mode of operation 
of the peripheral 
chip selects 
is defined 
by the MPCS register 
(which is also used 
to set the size of the mid-range 
memory 
chip-select 
block, see Figure 13). The register 
is located 
at off- 
set A8H in the internal control 
block. Bit 7 is used to 
select the function 
of PCS5 and PCS6, while bit 6 is 
used to select 
whether 
the peripheral 
chip selects 
are mapped 
into 
memory 
or 1/0 
space. 
Table 
11 
describes 
the programming 
of these 
bits. After 
RE- 
SET, the contents 
of both the MPCS and the PACS 
registers 
are undefined, 
however 
none of the PCS 
lines will be active until both of the MPCS and PACS 
registers 
are accessed. 


Table 
11. MS, EX Programming 
Values 


Bit 
Description 
, 


MS 
1 = Peripherals 
mapped into memory space. 
0= 
Peripherals 
mapped into 1/0 space. 
EX 
o = 5 PCS lines. A 1, A2 provided. 
1 = 7 PCS lines. A 1, A2 are not provided. 


MPCS bits 0-2 
specify the READY mode for PCS4- 
PCS6 as outlined 
below. 


READY Generation Logic 


The 80188 
can generate 
a READY 
si~1 
internally 
for each of the memory 
or peripheral 
CS lines. The 
number 
of WAIT states 
to be inserted 
for each pe- 
ripheral 
or memory 
is programmable 
to provide 
0-3 
wait states for all accesses 
to the area for which the 
chip select 
is active. 
In addition, 
the 80188 
may be 
programmed 
to 
either 
ignore 
external 
READY 
for 
each chip-select 
range individually 
or to factor exter- 
nal READY with the integrated 
ready generator. 


READY control 
consists 
of 3 bits for each CS line or 
group of lines generated 
by the 80188. The interpre- 
tation 
of the READY 
bits is shown in Table 
12. 


R2 
R1 
RO 
Number 
of WAIT States 
Generated 


0 
0 
0 
o wait states, external 
RDY 
also used. 
0 
0 
1 
1 wait state inserted, external 
RDY 


also used. 
0 
1 
0 
2 wait states inserted, 
external 
RDY 
also used. 
0 
1 
1 
3 wait states inserted, 
external 
RDY 
also used. 
1 
0 
0 
o wait states, external 
RDY 
ignored. 
1 
0 
1 
1 wait state inserted, 
external 
RDY 
ignored. 
1 
1 
0 
2 wait states inserted, 
external 
RDY 
ignored. 
1 
1 
1 
3 wait states inserted, 
external 
RDY 
ignored. 


The internal 
READY 
generator 
operates 
in parallel 
with 
external 
READY, 
not 
in series 
if the 
external 
READY 
is used (R2 = 
0). For example, 
if the inter- 
nal generator 
is set to insert 
two 
wait 
states, 
but 
activity 
on the external 
READY 
lines will insert 
four 
wait states, 
the processor 
will only insert 
four wait 
states, 
not six. This is because 
the two wait states 
generated 
by the internal 
generator 
overlapped 
the 
first two wait states generated 
by the external 
ready 
signal. Note that the external 
ARDY and SRDY lines 
are always ignored 
during cycles 
accessing 
internal 
peripherals. 


R2-RO 
of each 
control 
word 
specifies 
the READY 
mode for the corresponding 
block, 
with the excep- 
tion of tt:le peripheral 
chip selects: 
R2-RO 
ofPACS 
set the PCSO-3 
READY mode, R2-RO 
of MPCS set 
the PCS4-6 
READY 
mode. 


Chip Select/Ready 
Logic and Reset 


Upon RESET, the Chip-Select/Ready 
Logic will per- 


form the following 
actions: 


• 
All chip-select 
outputs 
will be driven 
HIGH. 


• 
Upon 
leaving 
RESET, 
the UCS line will be pro- 
grammed 
to provide 
chip selects 
to a 1K block 
with the accompanying 
READY control 
bits set at 
011 to insert 3 wait states in conjunction 
with ex- 
ternal READY 
(i.e., UMCS resets to FFFBH). 


• 
No other chip select 
or READY 
control 
registers 
have any predefined 
values 
after 
RESET. 
They 
will not become 
active 
until the 
CPU accesses 
their control 
registers. 
Both the PACS and MPCS 
registers 
must be accessed 
before the PCS lines 
will become 
active. 
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The 80188 DMA controller provides two indepen- 
dent DMA channels. Data transfers can occur be- 
tween memory and 1/0 spaces (e.g., Memory to 1/0) 
or within the same space (e.g., Memory to Memory 
or 1/0 to 1/0). Each DMA channel maintains both a 
20-bit source and destination pointer which can be 
optionally incremented or decremented after each 
data transfer. Each data transfer consumes 2 bus 
cycles (a minimum of 8 clocks), one cycle to fetch 
data and the other to store data. This provides a 
data transfer rate of one MByte/sec at 8 MHz. 


DMA Operation 


Each channel has six registers in the control block 
which define each channel's operation. The control 
registers consist of a 20-bit Source pointer (2 
words), a 20-bit Destination pointer (2 words), a 16- 
bit Transfer Count Register, and a 16-bit Control 
Word. 


The format of the DMA Control Blocks is shown in 
Table 13. The Transfer Count Register (TC) speci- 
fies the number of DMA transfers to be performed. 
Up to 64K byte transfers can be performed with au- 
tomatic termination. The Control Word defines the 
channel's operation (see Figure 17). All registers 
may be modified or altered during any DMA activity. 
Any changes made to these registers will be reflect- 
ed immediately in DMA operation. 


Table 13. DMA Control Block Format 


Register Name 
Register Address 


Ch.O 
Ch. 1 


Control Word 
CAH 
DAH 


Transfer Count 
C8H 
D8H 


Destination Pointer (upper 4 
C6H 
D6H 


bits) 
Destination Pointer 
C4H 
D4H 
Source Pointer (upper 4 bits) 
C2H 
D2H 
Source Pointer 
COH 
DOH 


TIMER REQUEST 


DMA 
CONTROL 
LOGIC 


L_..,.._j------INTERRUPT 
REQUEST 


210706-9 


15 
14 
13 
12 
11 
10 


Figure 16. DMA Unit Block Diagram 


M/ 
DESTINATION 
M/ 
SOURCE 
K5 
DEC 
INC 
K5 
DEC 
INC 


Figure 17. DMA Control Register 
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DMA Channel Control Word Register 


Each DMA Channel Control Word determines the 
mode of operation for the particular. 80188 DMA 
channel. This register specifies: 


• the mode of synchronization; 
• whether interrupts will be generated after the last 
transfer; 
• whether DMA activity will cease after a pro- 
grammed number of DMA cycles; 
• the relative priority of the DMA channel with re- 
spect to the other DMA channel; 
• whether the source pointer will be incremented, 
decremented, or maintained constant after each 
transfer; 
• whether the source pointer addresses memory or 
I/O space; 
• whether the destination pointer will be increment- 
ed, decremented, or maintained constant after 
each transfer; and 
• whether 
the 
destination 
pointer will 
address 
memory or I/O space. 


The DMA channel control registers may be changed 
while the channel is operating. However, any chang- 
es made during operation will affect the current DMA 
transfer. 


DMA Control Word Bit Descriptions 
DEST: 
M/IO Destination 
pointer 
is 
in 
memory (1) or I/O (0) space. 


DEC Decrement destination point- 
er by 1 after each transfer. 


INC Increment destination point- 
er by 1 after each transfer. 
If both INC and DEC are 
specified, the pointer will not 
be changed after each cycle. 
SOURCE: 
M/TOSource pointer is in memory 
(1) or I/O (0) space. 
DEC Decrement source pointer by 
1 after each transfer. 


INC Increment source pointer by 
1 after each transfer. 
If both INC and DEC are 
specified, the pointer will not 
be changed after each cycle. 


TC: 


INT: 


SYN: 


P: 


TDRQ: 


CHGINOCHG: 


ST/STOP: 


1-240 


If set, DMA will terminate when 
the 
contents 
of 
the 
transfer 
count register reach zero. The 
ST/STOP bit will also be reset at 
this point. If cleared, the DMA 
controller 
will 
decrement 
the 
transfer count register for each 
DMA cycle, but DMA transfers 
will not stop when the transfer 
count register reaches zero. 
Enable interrupts to CPU upon 
transfer count termination. 
00 No synchronization. 


NOTE: 
When unsynchronized transfers 
are specified, the TC bit will be 
ignored and the ST bit will be 
cleared upon the transfer count 
reaching 
zero, 
stopping 
the 
channel. 


01 Source Synchronization. 
10 Destination Synchronization. 
11 Unused. 
Channel priority relative to other 
channel during simultaneous re- 
quests. 
o Low priority. 
1 High priority. 
Channels will alternate cycles if 
both are set at the same priority 
level. 


Enable/Disable 
(1/0) 
DMA re- 
quests from Timer 2. 
Change/Do 
Not Change (1/0) 
the ST/STOP bit. If this bit is set 
when writing the control word, 
the ST/STOP 
bit will be pro- 
grammed by the write to the con- 
trol word. If this bit is cleared 
when writio9 the control word, 
the ST/ST 
P bit will not be al- 
tered. This bit is not stored; it will 
always be read as o. 
Start/Stop (1/0) Channel. 
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DMA Destination 
and Source Pointer 
Registers 


Each DMA channel maintains a 20-bit source and a 
20-bit destination pointer. Each of these pointers 
takes up two full 16-bit re~isters in the peripheral 
control block. The lower four bits of the upper regis- 
ter contain the upper four bits of the 20-bit physical 
address (see Figure 18).These pointers may be indi- 
vidually incremented or decremented after each 
transfer. Each pointer may point into either memory 
or 1/0 space. Since the DMA channels can perform 
transfers to or from odd addresses, there is no re- 
striction on values for the pointer registers. 


DMA Transfer 
Count Register 


Each DMA channel maintains a 16-bit transfer count 
register (TC). The register is decremented after ev- 
ery DMA cycle, regardless of the state of the TC bit 
in the DMA Control Register. If the TC bit in the DMA 
control word is set or if unsynchronized transfers are 
programmed, DMA activity will terminate when the 
transfer count register reaches zero. 


DMA Requests 


Data transfers may be either source or destination 
synchronized, that is either the source of the data or 
the destination of the data may request the data 
transfer. In addition, DMA transfers may be unsyn- 


chronized; that is, the transfer will take place contin- 
ually until the correct number of transfers has oc- 
curred. When source or unsynchronized transfers 
are performed, the DMA channel may begin another 
transfer immediately after the end of a previous 
DMA transfer. This allows a complete transfer to 
take place every 2 bus cycles or eight clock cycles 
(assuming no wait states). When destination syn- 
chronized transfers are performed, data will not be 
fetched from the source address until the destina- 
tion device signalSthat it is ready to receive it. Also, 
the DMA controller will relinquish control of the bus 
after every transfer. If no other bus activity is initiat- • 
ed, another destination synchronized DMA cycle will 
begin after two processor clocks. This allows the 
destination device time to remove its request if an- 
other transfer is not desired. Since the DMA control- 
ler will relinquish the bus, the CPU can initiate a bus 
cycle. As a result, a complete bus cycle will often be 
inserted between destination synchronized trans- 
fers. Table 14 shows the maximum DMA transfer 
rates. 


Table 
14. Maximum 
DMA Transfer 
Rates 
@ CLKOUT 
= 8 MHz 


Type of 
Synchronization 
CPU Running 
CPU Halted 
Selected 


Unsynchronized 
1.0 MBytes/sec 
1.0 MBytes/sec 


SourceSynch 
1.0 MBytes/sec 
1.0 MBytes/sec 


DestinationSynch 0.67 MBytes/sec 0.80 MBytes/sec 


HIGHER 
REGISTER 
ADDRESS 


LOWER 
REGISTER 
ADDRESS 


I 
~ 


xxx 
xxx 
XXX 
A19-A16 


A15-A12 
A11-AB 
A7-A4 
A3-AO 


15 


xxx = Don't Care 


o 


Figure 18. DMA Pointer 
Register 
Format 
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DMA Acknowledge 
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No explicit DMA acknowledge pulse is provided. 
Since both source and destination pointers are 
maintained, a read from a requesting source, or a 
write to a requesting destination, should be used as 
the DMA acknowledge signal. Since the chip-select 
lines can be programmed to be ·active for a given 
block of memory or 1/0 space, and the DMA point- 
ers can be 'programmed to point to the same given 
block, a chip-select line could be used to indicate a 
DMA acknowledge. 


DMA Priority 


The DMA channels may be programmed to give one 
channel priority over the other, or they may be pro- 
.grammed to alternate cycles when both have DMA 
requests pending. DMA cycles always have priority 
over internal CPU cycles except between locked 
memory accesses or word accesses to odd memory 
locations; also, an external bus hold takes priority 
over an internal DMA cycle. Because an interrupt 
request cannot suspend a DMA operation and the 
CPU cannot access memory during a DMA cycle, 
interrupt latency time will suffer during sequences of 
continuous DMA cycles. An NMI request, however, 
will cause all internal DMA activity to halt. This al- 
lows the CPU to quickly respond to the NMI request. 


DMA Programming 


DMA cycles will occur whenever the ST1Sf0i5 bit of 
the Control Register is set. If synchronized transfers 


are programmed, a DRQ must also be generated. 
Therefore, the source and destination transfer point- 
ers, and the transfer count ret(~t(if used) must be 
programmed before the STI T 
P bit is set. 


Each DMA register may be modified while the chan- 
nel is operating. If the CHG/NOCHG bit is cleared 
whJ:lnthe control register is written, the STISTOP 
bit 
of the control register will not be modified by the 
write. If inultiple channel registers are modified, it is 
recommended that a LOCKED string transfer be 
used to prevent a,DMA transfer from occurring be- 
tween updates to the channel registers. 


DMA Channels and Reset 


Upon RESET, the DMA channels will perform the 
following actions: 
• The STISTOP 
bit for each channel will be reset 
to STOP. 
• Any'transfer in progress is aborted. 


TIMERS 


The 80188 provides three internal 16-bit program- 
mable timers (see Figure 19). Two of these are high- 
ly flexible and are connected to four external pins (2 
per timer). They can be used to count external 
events, time external events, generate nonrepetitive 
waveforms, etc. The third timer is not connected to 
any external pins, and is useful for real-time coding 
and time delay applications. In addition, the third tim- 
er can be used as a prescaler to the other two, or as 
a DMA request source. 


OMA 
REO. 
12 
INT. 
REO. 


TIMER 0 


MAlI COUNT 
VAWE 
MAlI COUNT 
VAWE 
A 
A 
MAlI COUNT 
VAWE 
CLOCK/4I-:M':':AlI--""'CO""U'::'N""T""VA""L",UE-lCLOCK/4 
B 
B 


MODE/CONTROL 
MODE/CONTROL 
WORD 
WORD 


INTERNAL 
ADDRESS/DATA 
BUS 


210706-10 
ALL 16 BIT REGISTERS 


TIMER 2 


MAlI COUNT 
VALUE 


Figure 19. Timer Block Diagram 
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Timer Operation 


The timers are controlled by 11 16-bit registers in 
the peripheral control block. The configuration of 
these registers is shown in Table 15. The count reg- 
ister contains the current value of the timer. It can be 
read or written at any time independent of whether 
the timer is running or not. The value of this register 
will be incremented for each timer event. Each of the 
timers is equipped with a MAX COUNT register, 
which defines the maximum count the timer will 
reach. After reaching the MAX COUNT register val- 
ue, the timer count value will reset to zero during 
that same clock, i.e., the maximum count value is 
never stored in the count register itself. Timers 0 and 
1 are, in addition, equipped with a second MAX 
COUNT register, which enables the timers to alter- 
nate their count between two different MAX COUNT 
values. If a single MAX COUNT register is used, the 
timer output pin will switch LOW for a single clock, 2 
clocks after the maximum count value has been 
reached. In the dual MAX COUNT register mode, the 
output pin will indicate which MAX COUNT register 
is currently in use, thus allowing nearly complete 
freedom in selecting waveform duty cycles. For the 
timers with two MAX COUNT registers, the RIU bit in 
the control register determines which is used for the 
comparison. 


Each timer gets serviced every fourth CPU-clock cy- 
cle, and thus can operate at speeds up to one-quar- 
ter the internal clock frequency (one-eighth the crys- 
tal rate). External clocking of the timers may be done 
at up to a rate of one-quarter of the internal CPU- 
clock rate (2 MHz for an 8 MHz CPU clock). Due to 
internal synchronization and pipelining of the timer 
circuitry, a timer output may take up to 6 clocks to 
respond to any individual clock or gate input. 


Since the count registers and the maximum count 
registers are all 16 bits wide, 16 bits of resolution are 
provided. Any Read or Write access to the timers will 
add one wait state to the minimum four-clock bus 
cycle, however. This is needed to synchronize and 
coordinate the internal data flows between the inter- 
nal timers and the internal bus. 


The timers have several programmable options. 
• All three timers can be set to halt or continue on 
a terminal count. 


• Timers 0 and 1 can select between internal and • 
external clocks, alternate between MAX COUNT 
registers and be set to retrigger on external 
events. 


• The timers may be programmed to cause an in- 
terrupt on terminal count. 


These options are selectable via the timer model 
control word. 


Timer Mode/Control 
Register 


The mode/control 
register (see Figure 20) allows 
the user to program the specific mode of operation 
or check the current programmed status for any of 
the three integrated timers. 
Table 15.Timer Control Block Format 


Register Name 
Register Offset 


Tmr.O 
Tmr.1 
Tmr.2 


Mode/Control Word 
56H 
5EH 
66H 
Max Count B 
54H 
5CH 
not present 
MaxCountA 
52H 
5AH 
62H 
Count Register 
50H 
58H 
60H 


o 
EXT 
13 
12 
11 
15 
14 
RIU 
EN 
INH 
1Nl 
5 
4 
3 
2 
1 
0 


MC 
ALl I CONT I 
RIG 
p 


Figure 20. Timer Mode/Control 
Register 


1-243 


~;d~/ ~;~t~~'~~rd:'th';; th'~-st~t~ 
'~f'the'EN-bit~'iii 
be modified 
by the write. If INH is a zero during the 
write, the EN bit will be unaffected 
by the operation. 
This bit is not stored; 
it will always be a ° on a read. 


INT 


When 
set, the 
INT bit enables 
interrupts 
from 
the 
timer, 
which 
will 
be 
generated 
on 
every 
terminal 
count. If the timer is configured 
in dual MAX COUNT 
register 
mode, 
an interrupt 
will be generated 
each 
time the value in MAX COUNT reqister A is reached, 
and each time the value in MAX COUNT register B is 
reached. 
If this enable 
bit is cleared 
after the inter- 
rupt request 
has been generated, 
but before a pend- 
ing interrupt 
is serviced, 
the interrupt 
request will stil] 
be in force. 
(The request 
is latched 
in the Interrupt 
Controller.) 


RIU 


The 
Register 
In 
Use 
bit 
indicates 
which 
MAX 
COUNT 
register 
is currently 
being used for compari- 
son to the timer count value. A zero value indicates 
register 
A. The 
RIU bit cannot 
be written, 
i.e., its 
value is not affected 
when the control 
register is writ- 
ten. It is always cleared 
when the AL T bit is zero. 


MC 


The 
Maximum 
Count 
bit is set whenever 
the timer 
reaches 
its final maximum 
count value. If the timer is 
configured 
in dual MAX COUNT 
register 
mode, this 
bit will be set each time the value 
in MAX COUNT 
register 
A is reached, 
and 
each 
time 
the value 
in 
MAX COUNT 
register 
B is reached. 
This bit is set 
regardless 
of the 
timer's 
interrupt-enable 
bit. The 
MC bit gives 
the 
user the 
ability 
to monitor 
timer 
status 
through 
software 
instead 
of 
through 
inter- 
rupts. 
Programmer 
intervention 
is required 
to clear 
this bit. 


clock, 
and 
then 
incrementing 
thereafter. 
Further 
transitions 
on the input pin will again reset the timer 
to zero, from which 
it will start counting 
up again. 
If 
CaNT 
= 0, when the timer has reached 
maximum 
count, 
the 
EN bit will be cleared, 
inhibiting 
further 
timer activity. 


p 


The prescaler 
bit is ignored 
unless internal 
clocking 
has been selected 
(EXT = 0). If the P bit is a zero, 
the timer 
will count 
at one-fourth 
the internal 
CPU 
clock 
rate. If the P bit is a one, the' output of timer 2 
will be used as a clock 
for the timer. 
Note that the 
user must 
initialize 
and start 
timer 2 to obtain 
the 
prescaled 
clock. 
' 


EXT· 


The external 
bit selects 
between 
internal 
and exter- 


nal clocking 
for the timer. 
The external 
signal 
may 
be asynchronous 
with 
respect 
to the 80188 clock. 


If this bit is set, the timer 
will count 
LOW-to-HIGH 
transitions 
on the input pin. If cleared, 
it will count an 
internal 
clock while using the input pin for control. 
In 
this mode, the function 
of the external 
pin is defined 
by the RTG bit. The maximum 
input to output 
tran- 
sition 
latency 
time 
may be as much 
as 6 clocks. 


However, 
clock 
inputs 
may be pipelined 
as closely 
together 
as every 4 clocks without 
losing clock puls- 
es. 


ALT 


The AL T bit determines 
which 
of two MAX COUNT 
registers 
is used for count comparison. 
If ALT = 0, 
register 
A for 
that 
timer 
is always 
used, 
while 
if 
ALT = 1, the comparison 
will alternate 
between 
reg- 
ister A and register 
B when each maximum 
count 
is 
reached. 
This alternation 
allows the user to change 
one 
MAX COUNT 
register 
while 
the other 
is being 
used, 
and 
thus 
provides 
a method 
of generating 
non-repetitive 
waveforms. 
Square 
waves 
and pulse 
outputs 
of any duty cycle 
are a subset 
of available 
signals obtained 
by not changing 
the final count reg- 
isters. The ALT bit also determines 
the function 
of 
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INTERRUPT 
CONTROLLER 
the timer output pin. If ALT is zero, the output pin will 
go LOW for one clock, the clock after the maximum 
count is reached. If ALT is one, the output pin will 
reflect the current MAX COUNT register being used 
(0/1 for B/ A). 


CONT 


Setting the CaNT bit causes the associated timer to 
run continuously, while resetting it causes the timer 
to halt upon maximum count. If CaNT = 0 and ALT 
= 1, the timer will count to the MAX COUNT register 
A value, reset, count to the register B value, reset, 
and halt. 


Not all mode bits are provided for timer 2. Certain 
bits are hardwired as indicated below: 


AL T = 0, EXT = 0, P = 0, RTG = 0, RIU = 0 


Count Registers 


Each of the three timers has a 16-bit count register. 
The contents of this register may be read or written 
by the processor at any time. If the register is written 
while the timer is counting, the new value will take 
effect in the current count cycle. 


Max Count Registers 


Timers 0 and 1 have two MAX COUNT registers, 
while timer 2 has a single MAX COUNT register. 
These contain the number of events the timer will 
count. In timers 0 and 1, the MAX COUNT register 
used can alternate between the two max count val- 
ues 
whenever 
the 
current 
maximum count 
is 
reached. A timer resets when the timer count regis- 
ter equals the max count value being used. If the 
timer count register or the max count register is 
changed so that the max count is less than the timer 
count, the timer does not immediately reset. Instead, 
the timer counts up to OFFFFH, "wraps around" to 
zero, counts up to the max count value, and then 
resets. 


Timers and Reset 


Upon RESET, the Timers will perform the following 
actions: 
• All EN (Enable) bits are reset preventing timer 
counting. 


• For Timers 0 and 1, the RIU bits are resetto zero 
and the ALT bits are set to one. This results in the 
Timer Out pins going HIGH. 


The 80188 can receive interrupts from a number of 
sources, both internal and external. The internal in- 
terrupt controller serves to merge these requests on 
a priority basis, for individual service by the CPU. 


Internal interrupt sources (Timers and DMA chan- 
nels) can be disabled by their own control registers 
or by mask bits within the interrupt controller. The 
80188 interrupt controller has its own control regis- 
ter that sets the mode of operation for the controller. 


The interrupt controller will resolve priority among 
requests that are pending simultaneously. Nesting is 
provided so interrupt service routines for lower priori- 
ty interrupts may be interrupted by higher priority in- 
terrupts. A block diagram of the interrupt controller is 
shown in Figure 21. 


The 80188 has a special Slave Mode in which the 
internal interrupt controller acts as a slave to an ex- 
ternal master. The controller is programmed into this 
mode by setting bit 14 in the peripheral control block 
relocation register. (See Slave Mode section.) 


MASTER 
MODE OPERATION 


Interrupt Controller 
External Interface 


Five pins are provided for external interrupt sources. 
One of these pins is NMI, the non-maskable inter- 
rupt. NMI is generally used for unusual events such 
as power-fail interrupts. The other four pins may be 
configured in any of the following ways: 
• As four interrupt input lines with internally gener- 
ated interrupt vectors. 
• As an interrupt line and interrupt acknowledge 
line pair (Cascade Mode) with externally generat- 
ed interrupt vectors plus two interrupt input lines 
with internally generated vectors. 


• As two pairs of interrupt/interrupt acknowledge 
lines (Cascade Mode) with externally generated 
interrupt vectors. 


External sources in the Cascade Mode use external- 
ly generated interrupt vectors. When an interrupt is 
acknowledged, two INTA cycles are initiated and the 
vector is read into the 80188 on the second cycle. 
The capability to interface to external 8259A pro- 
grammable interrupt controllers is provided when 
the inputs are configured in Cascade Mode. 
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Interrupt Controller 
Modes of 
Operation 


The basic modes of operation of the interrupt con- 
troller in Master Mode are similar to the 8259A. The 
interrupt controller responds identically to internal in- 
terrupts in all three modes: the difference is only in 
the interpretation of function of the four external in- 
terrupt pins. The interrupt controller is set into one of 
these three modes by programming the correct bits 
in the INTOand INT1 control registers. The modes of 
interrupt controller operation are as follows: 


FULLY 
NESTED 
MODE 


When in the fully nested mode four pins are used as 
direct interrupt requests as in Figure 22. The vectors 
for these four inputs are generated internally. An in- 
service bit is provided for every interrupt source. If a 
lower-priority device requests an interrupt while the 
in-service bit (IS) is set, no interrupt will be generat- 
ed by the interrupt controller. In addition, if another 
interrupt request occurs from the same interrupt 
source while the in-service bit is set, no interrupt will 
be generated by the interrupt controller. This allows 
interrupt service routines to operate with interrupts 
enabled, yet be suspended only by interrupts of 
higher priority than the in-service interrupt. 


When a service routine is completed, the proper IS 
bit must be reset by writing the proper pattern to the 
EOI register. This is required to allow subsequent 
interrupts from this interrupt source and to allow 
servicing of lower-priority interrupts. An EOI eom- 


TIMER TIMER TIMER 
DMA 
DMA 
o 
1 
2 
0 
1 
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Figure 21. Interrupt Controller 
Block Diagram 


mand is executed at the end of the service routine 
just before the return from interrupt instruction. If the 
fully nested structure has been upheld, the next 
highest-priority source with its IS bit set is then serv- 
iced. 


CASCADE 
MODE 


The 80188 has four interrupt pins and two of them 
have dual functions. In the fully nested mode the 
four pins are used as direct interrupt inputs and the 
corresponding vectors are generated internally. In 
the Cascade Mode, the four pins are configured into 
interrupt input-dedicated acknowledge signal pairs. 
The interconnection is shown in Figure 23. INTO is 
an interrupt input interfaced to an 8259A, while 
INT2/INTAO serves as the dedicated interrupt ac- 
knowledge signal to that peripheral. The same is 
true for INT1 and INT3/INTA1. Each pair can selec- 
tively be placed in the Cascade Mode by program- 
ming the proper value into INTO and INT1 control 
registers. The use of the dedicated acknowledge 
signals eliminates the need for the use of external 
logic to generate INTA and device select signals. 


The primary Cascade Mode allows the capability to 
serve up to 128 external interrupt sources through 
the use of external master and slave 8259As. Three 
levels of priority are created, requiring priority resolu- 
tion in the 80188 interrupt controller, the master 
8259As, and the slave 8259As. If an external inter- 
rupt is serviced, one IS bit is set at each of these 
levels. When the interrupt service routine is complet- 
ed, up to three.end-of-interrupt commands must be 
issued by the programmer. 


SPECIAL 
FULLY 
NESTED 
MODE 


This mode is entered by setting the SFNM bit in 
INTO or INT1 control register. It enables complete 
nestability with external 8259A masters. Normally, 
an interrupt request from an interrupt source will not 
be recognized unless the in-service bit for that 
source is reset. If more than one interrupt source is 
connected to an external interrupt controller, all of 
the interrupts will be funneled through the same 
80188 interrupt request pin. As a result, if the exter- 
nal interrupt controller receives a higher-priority in- 
terrupt, its interrupt will not be recognized by the 
80188 controller until the 80188 in-service bit is re- 
set. In Special Fully Nested Mode, the 80188 inter- 
rupt controller will allow interrupts from an external 
pin regardless of the state of the in-service bit for an 
interrupt source in order to allow multiple interrupts 
from a single pin. An in-service bit will continue to be 
set, however, to inhibit interrupts from other lower- 
priority 80188 interrupt sources. 
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Master Mode Features 
Special procedures should be followed when reset- 
ting IS bits at the end of interrupt service routines. 
Software polling of the IS register in the external 
master 8259A is required to determine if there is 
more than one bit set. If so, the IS bit in the 80188 
remains active and the next interrupt service routine 
is entered. 


Operation in a Polled Environment 


The controller may be used in a polled mode if inter- 
rupts are undesirable. When polling, the processor 
disables interrupts and then polls the interrupt con- 
troller whenever it is convenient. Polling the interrupt 
controller is accomplished by reading the Poll Word 
(Figure 32). Bit 15 in the poll word indicates to the 
processor that an interrupt of high enough priority is 
requesting service. Bits 0-4 indicate to the proces- 
sor the type vector of the highest-priority source re- 
questing service. Reading the Poll Word causes the 
In-Service bit of the highest priority source to be set. 


It is desirable to be able to read the Poll Word infor- 
mation without guaranteeing service of any pending 
interrupt, l.e., not set the indicated in-service bit. The 
80188 provides a Poll Status Word in addition to the 
conventional Poll Word to allow this to be done. Poll 
Word information is duplicated in the Poll Status 
Word, but reading the Poll Status Word does not set 
the associated in-service bit. These words are locat- 
ed in two adjacent memory locations in the register 
file. 


r--;;IN;;T;;"O'k-:""- 
INTERRUPTSOURCE 


INTt 1+---- 
INTERRUPTSOURCE 


80188 


INT2 1+-_"__ 
INTERRUPTSOURCE 


INT3 1+--......,,.... 
INTERRUPTSOURCE 
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Figure 22. Fully Nested (Direct) Mode Interrupt 
Controller Connections 


PROGRAMMABLE PRIORITY 


The user can program the interrupt sources into any 
of eight different priority levels. The programming is 
done by placing a 3-bit priority level (0-7) in the con- 
trol register of each interrupt source. (A source with 
a priority level of 4 has higher priority over all priority 
levels from 5 to 7. Priority registers containing values 
lower than 4 have greater priority). All interrupt 
sources have preprogrammed default priority levels 
(see Table 4). 


If two requests with the same programmed priority 
level are pending at once, the priority ordering 
scheme shown in Table 4 is used. If the serviced 
interrupt routine reenables interrupts, other interrupt 
requests can be serviced. 


END-oF-INTERRUPT COMMAND 


The end-of-interrupt (EOI) command is used by the 
programmer to reset the In-Service (IS) bit when an 
interrupt service routine is completed. The EOI com- 
mand is issued by writing the proper pattern to the 
EOI register. There are two types of EOI commands, 
specific and nonspecific. The nonspecific command 
does not specify which IS bit is reset. When issued, 
the interrupt controller automatically resets the IS bit 
of the highest priority source with an active service 
routine. A specific EOI command requires that the 
programmer send the interrupt vector type to the in- 
terrupt controller indicating which source's IS bit is 
to be reset. This command is used when the fully 
nested structure has been disturbed or the highest 
priority IS bit that was set does not belong to the 
service routine in progress. 


TRIGGER MODE 


The four external interrupt pins can be programmed 
in either edge- or level-trigger mode. The control 
register for each external source has a level-trigger 
mode (LTM) bit. All interrupt inputs are active HIGH. 
In the edge sense mode or the level-trigger mode, 
the interrupt request must remain active (HIGH) until 
the interrupt request is acknowledged by the 80188 
CPU. In the edge-sense mode, if the level remains 
high after the interrupt is acknowledged, the input is 
disabled and no further requests will be generated. 
The input level must go LOW for at least one clock 
cycle to re-enable the input. In the level-trigger 
mode, no such provision is made: holding the inter- 
rupt input HIGH will cause continuous interrupt re- 
quests. 
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INTERRUPT 
VECTORING 
INTERRUPT 
REQUEST 
REGISTER 


The 80188 Interrupt 
Controller 
will generate 
interrupt 
vectors 
for the integrated 
OMA channels' and the in- 
tegrated 
Timers. 
In addition, 
the Interrupt 
Controller 
will generate 
interrupt 
vectors 
for the external 
inter- 
rupt lines if they are not configured 
in Cascade 
or 
Special 
Fully Nested 
Modes. 
The 
interrupt 
vectors 
generated 
are fixed and cannot 
be changed 
(see Ta- 
ble 4). 


Interrupt Controller 
Registers 


The 
Interrupt 
Controller 
register 
model 
is shown 
in 
Figure 24. It contains 
15 registers. 
All registers 
can 
both be read or written 
unless specified 
otherwise. 


IN-SERVICE 
REGISTER 


This register 
can be read from 
or written 
into. The 
format 
is shown in Figure 25. It contains 
the ln-Serv- 
ice bit for each of the interrupt 
sources. The In-Serv- 
ice bit is set to indicate 
that a source's service 
rou- 
tine is in progress. 
When an In-Service 
bit is set, the 
interrupt 
controller 
will not generate 
interrupts 
to the 
CPU when it receives 
interrupt 
requests 
from devic- 
es with a lower programmed 
priority level. The TMR 
bit is the In-Service 
bit for all three 
timers; 
the DO 
and 01 bits are the In-Service 
bits for the two OMA 
channels; 
the 
10-13 are the 
In-Service 
bits for the 
external 
interrupt 
pins. The 
IS bit is set when 
the 
processor 
acknowledges 
an interrupt 
request 
either 
by an interrupt 
acknowledge 
or by reading 
the poll 
register. The IS bit is reset at the end of the interrupt 
service 
routine 
by an end-of-interrupt 
command. 


The internal 
interrupt 
sources 
have interrupt 
request 
bits inside the interrupt 
controller. 
The format 
of this 
register is shown in Figure 25. A read from this regis- 
ter yields the status of these bits. The TMR bit is the 
logical OR of all timer interrupt 
requests. 
DO and 01 
are the interrupt 
request 
bits for the OMA channels. 


The state of the external 
interrupt 
input pins is also 
indicated. 
The state of the external 
interrupt 
pins is 
not a stored condition 
inside the interrupt 
controller, 
therefore 
the external 
interrupt 
bits cannot 
be writ- 
ten. The external 
interrupt 
request 
bits are set when 
an interrupt 
request 
is given to the interrupt 
control- 
ler, so if edge-triggered 
mode is selected, 
the bit in 
the register will be HIGH ohly after an inactive-to-ac- 
tive transition. 
For internal interrupt 
sources, 
the reg- 
ister bits are set when a request 
arrives 
and are re- 
set when the processor 
acknowledges 
the requests. 


Writes 
to to the interrupt 
request 
register 
will affect 
the DO and 01 interrupt 
request 
bits. Setting 
either 
bit will 
cause 
the 
corresponding 
interrupt 
request 
while clearing 
either bit will remove 
the correspond- 
ing interrupt 
request. 
All other bits in the register 
are 
read-only. 


MASK 
REGISTER 


This is a 16-bit register 
that contains 
a mask bit for 
each interrupt 
source. 
The format 
for this register 
is 
shown 
in Figure 
25. A one 
in a bit position 
corre- 
sponding 
to a particular 
source 
masks 
the 
source 
from generating 
interrupts. 
These 
mask bits are the 
exact same bits which are used in the individual 
con- 
trol 
registers; 
programming 
a mask 
bit 
using 
the 
mask register will also change 
this bit in the individu- 
al control 
registers, 
and vice versa. 
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Figure 23. Cascade 
and SpeCial Fully Nested 
Mode Interrupt 
Controller 
Connections 
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OFFSET 


3EH 
INT3 CONTROL REGISTER 


INT2 CONTROL REGISTER 


INT1 CONTROL REGISTER 


INTO CONTROL REGISTER 


OMA 1 CONTROL REGISTER' 


OMA 0 CONTROL REGISTER 


TIMER CONTROL REGISTER 


INTERRUPT STATUS REGISTER 


INTERRUPT REQUEST REGISTER 


IN·SERVICE REGISTER 


PRIORITY MASK REGISTER 


MASK REGISTER 


POLL STATUS REGISTER 


POLL REGISTER 


EOI REGISTER 


3CH 


3AH 


38H 


36H 


34H 


32H 


30H 


2EH 


2CH 


2AH 


28H 


26H 


24H 


22H 


PRIORITY MASK REGISTER 


This register masks all interrupts below a particular 
interrupt priority level. The format of this register is 
shown in Figure 26. The code in the lower three bits 
of this register inhibits interrupts of priority lower (a 
higher priority number) than the code specified. For 
example, 100 written into this register masks inter- 
rupts of level five (101), six (110), and seven (111). 
The register is reset to seven (111) upon RESET so 
no interrupts are masked due to priority number. 


INTERRUPT STATUS REGISTER 


Figure 24. Interrupt Controller Registers 
(Master Mode) 


This register contains general interrupt controller 
status information. The format of this register is 
shown in Figure 27. The bits in the status register 
have the following functions: 
DHLT: DMA Halt Transfer; setting this bit halts all 
DMA transfers. It is automatically set when- 
ever a non-maskable interrupt occurs, and it 
is reset when an IRET instruction is execut- 
ed. This bit allows prompt service of all non- 
maskable interrupts. This bit may also be set 
by the programmer. 


IRTx: 
These three bits represent the individual tim- 
er interrupt request bits. These bits differen- 
tiate between timer interrupts, since the tim- 
er IR bit in the interrupt request register is 
the "OR" function of all timer interrupt re- 
quests. Note that setting anyone 
of these 
three bits initiates an interrupt request to the 
interrupt controller. 
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Figure 25. In-Service, Interrupt Request, and Mask Register Formats 
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Figure 26. Priority Mask Register Format 


15 
14 
7 
6 
5 
4 
3 
2 
1 
0 


10HLTI 
0 
I . 
. I 
0 
0 
0 
0 
0 
I IRT2 IIRT1 
I IRTO I 


Figure 27. Interrupt Status Register Format (non-RMX Mode) 
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TIMER, 
DMA 0, 1; CONTROL 
REGISTERS 


80188 


These registers are the control words for all the in- 
ternal interrupt sources. The format for these regis- 
ters is shown in Figure 28. The three bit positions 
PRO,PR1, and PR2 represent the programmable pri- 
ority level of the interrupt source. The MSK bit inhib- 
its interrupt requests from the interrupt source. The 
MSK bits in the individual control registers are the 
exact same bits as are in the Mask Register; modify- 
ing them in the individual control registers will also 
modify them in the Mask Register, and vice versa. 


INTO-INT3 
CONTROL 
REGISTERS 


These registers are the control words for the four 
external input pins. Figure 29 shows the format of 
the INTO and INT1 Control registers; Figure 30 
shows the format of the INT2 and INT3 Control reg- 
isters. In Cascade Mode or Special Fully Nested 
Mode, the control words for INT2 and INT3 are not 
used. 
' 


The bits in the various control registers are encoded 
as follows: 
PRO-2: 
Priority programming information. Highest 
priority = 000, lowest priority = 111. 
LTM: 
Level-trigger mode bit. 1 = 
level-trig- 
gered; 0 = edg.e-triggered.Interrupt Input 
levels are active high. In level-triggered 
mode, an interrupt is generated whenever 
the external line is high. In edge-triggered 
mode, an interrupt will be generated only 


MSK: 
C: 


when this level is preceded by an inac- 
tive-to-active transition on the line. In both 
cases, the level must remain active until 
the interrupt is acknowledged. 
Mask bit, 1 = mask; 0 = non-mask. 
Cascade mode bit, 1 = cascade; 0 = di- 
rect. 


Special 
Fully Nested 
Mode bit, 
1 = 
SFNM. 
SFNM: 


EOI REGISTER 


The end of the interrupt register is a command regis- 
ter which can only be written into. The format of this 
register is shown in Figure 31. It initiates an EOI 
command when written to by the 80188 CPU. 


The bits in the EOI register are encoded as follows: 
Sx: 
Encoded information that specifies an in- 
terrupt source vector type as shown in 
Table 4. For example, to reset the In- 
Service bit for DMA channel 0, these bits 
should be set to 01010, since the vector 
type for DMA channel 0 is 10. 


NOTE: 
To reset the single In-Service bit for any of the 
three timers, the vector type for timer 0 (8) should 
be written in this register. 


NSPEC/: A bit that determines the type of EOI com- 
SPEC 
mand. Nonspecific = 1, Specific = o. 
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Figure 28. Timer/DMA 
Control 
Register 
Formats 
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Figure 29. INTO/INT1 
Control 
Register 
Formats 
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Figure 30. INT2/INT3 
Control 
Register 
Formats 
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POLL AND POLL STATUS 
REGISTERS 


80188 


These registers contain polling information. The for- 
mat of these registers is shown in Figure 32. They 
can only be read. Reading the Poll register consti- 
tutes a software poll. This will set the IS bit of the 
highest priority pending interrupt. Reading the poll 
status register will not set the IS bit of the highest 
priority pending interrupt; only the status of pending 
interrupts will be provided. 


Encoding of the Poll and Poll Status register bits are 
as follows: 
Sx: 
Encoded information that indicates the 
vector type of the highest priority inter- 
rupting source. Valid only when INTREQ 
=1. 


INTREQ: This bit determines if an interrupt request 
is present. Interrupt Request = 1; no In- 
terrupt Request = O. 


SLAVE MODE OPERATION 


When Slave Mode is used, the internal 80188 inter- 
rupt controller will be used as a slave controller to an 
external master interrupt controller. The internal 
80188 resources will be monitored by the internal 


interrupt controller, while the external controller 
functions as the system master interrupt controller. 
Upon reset, the 80188 will be in Master Mode. To 
provide for slave mode operation bit 14 of the relo- 
cation register should be set. 


Because of pin limitations caused by the need to 
interface to an external 8259A master, the internal 
interrupt controller will no longer accept external in- 
puts. There are however, enough 80188 interrupt 
controller inputs (internally) to dedicate one to each 
timer. In this mode, each timer interrupt source has 
its own mask bit, IS bit, and control word. 


In Slave Mode each peripheral must be assigned a 
unique priority to ensure proper interrupt controller 
operation. Therefore, it is the programmer's respon- 
sibility to assign correct priorities and initialize inter- 
rupt control regisers before enable interrupts. 


Slave Mode External Interface 


The configuration of the 80188 with respect to an 
external 8259A master is shown in Figure 33. The 
INTO(pin 45) input is used as the 80188 CPU inter- 
rupt input. IRQ (pin 41) functions as an output to 
send the 80188 slave-interrupt-request to one of the 
8 master-PlC-inputs. 
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Figure 31. EOI Register 
Format 
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Figure 32. Poll and Poll Status Register 
Format 
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figure 
33. Slave Mode Interrupt 
Controller 
Connections 


Correct master-slave interface requires decoding of 
the slave addresses (CASO-2). Slave 8259As do 
this internally. Because of pin limitations, the 80188 
slave address will have to be decoded externally. 
SELECT (pin 44) is used as a slave-select input. 
Note that the slave vector address is transferred in- 
ternally, but the READY input must be supplied ex- 
ternally. 


INTAO (pin 42) is used as an acknowledge output, 
suitable to drive the INTA input of an 8259A. 


Interrupt 
Nesting 


Slave Mode operation allows nesting of interrupt re- 
quests. When an interrupt is acknowledged, the pri- 
ority logic masks off all priority levels except those 
with equal or higher priority. 


Vector Generation 
in the 
Slave Mode 


Vector generation in Slave Mode is exactly like that 
of an 8259A or 82C59A slave. The interrupt control- 
ler generates an 8-bit vector type number which the 
CPU multiplies by four to use as an address into the 
vector table. The five most significant bits of this 
type number are user-programmable while the three 
least significant bits are defined according to Figure 
34. The significant five bits of the vector are pro- 
grammed by writing to the Interrupt Vector register 
at offset 20H. 


Specific End-of-Interrupt 


In Slave Mode the specific EOI command operates 
to reset an in-service bit of a specific priority. The 
user supplies a 3-bit priority-level value that points to 
an in-service bit to be reset. The command is exe- 
cuted by writing the correct value in the Specific EOI 
register at offset 22H. 


Interrupt Controller 
Registers 
in the Slave Mode 


All control and command registers are located inside 
the internal peripheral control 
block. 
Figure 34 
shows the offsets of these registers. 


END-Of-INTERRUPT 
REGISTER 


The end-of-interrupt register is a command register 
which can only be written. The format of this register 
is shown in Figure 35. It initiates an EOI command 
when written by the 80188 CPU., 


The bits in the EOI register are encoded as f<?lIows: 
VTx: 
Three least-significant vector type bits corre- 
sponding to the source for which the IS bit is 
to be reset. Figure 34 indicates these bits. 
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IN-SERVICE 
REGISTER 


This register can be read from or written 
into. It con- 
tains the in-service 
bit for each of the internal 
inter- 
rupt sources. 
The format for this register is shown in 
Figure 
36. Bit positions 
2 and 3 correspond 
to the 
DMA channels; 
positions 
0, 4, and 5 correspond 
to 
the integral 
timers. 
The source's 
IS bit is set when 
the processor 
acknowledges 
its interrupt 
request. 


INTERRUPT 
REQUEST 
REGISTER 


This 
register 
indicates 
which 
internal 
peripherals 
have interrupt 
requests 
pending. 
The format 
of this 
register 
is shown 
in Figure 36. The interrupt 
request 
bits are set when a request 
arrives 
from an internal 
source, 
and are reset when the processor 
acknowl- 
edges 
the request. 
As in Master 
Mode, 
DO and D1 
are read/write, 
all other bits are read only. 


MASK 
REGISTER 


This register 
contains 
a mask bit for each interrupt 
source. 
The format 
for this register 
is shown 
in Fig- 
ure 36. If the bit in this register 
corresponding 
to a 
particular 
interrupt 
source 
is set, any interrupts 
from 


that source will be masked. These 
mask bits are ex- 
actly the same bits which 
are used in the individual 
control 
registers, 
i.e., changing 
the state of a mask 
bit in this register 
will also change 
the state 
of the 
mask 
bit in the 
individual 
interrupt 
control 
register 
corresponding 
to the bit. 


CONTROL 
REGISTERS 


These 
registers 
are the control 
words for all the in- 
ternal 
interrupt 
sources. 
The format 
of these 
regis- 
ters is shown 
in Figure 37. Each of the timers 
and 
both 
of the DMA channels 
have their own Control 
Register. 


The 
bits of the 
Control 
Registers 
are encoded 
as 
follows: 


prx: 
3-bit encoded 
field 
indicating 
a priority 
level 
for the source. 


msk: 
mask bit for the priority 
level indicated 
by prx 
bits. 


TIMER 
2 CONTROL 
REGISTER 


(VECTOR 
TYPE xxxxx 101) 


TIMER 
1 CONTROL 
REGISTER 


(VECTOR 
TYPE xxxxx 100) 


OMA 1 CONTROL 
REGISTER 


(VECTOR 
TYPE xxxxx 011) 


OMA 0 CO~TROL 
REGISTER 


(VECTOR 
TYPE xxxxx 010) 


TIMER 
0 CONTROL 
REGISTER 


(VECTOR 
TYPE xxxxx 000) 


INTERRUPT 
STATUS 
REGISTER 


INTERRUPT 
REQUEST 
REGISTER 


IN-SERVICE 
REGISTER 


PRIORITY·LEVEL 
MASK 
REGISTER 


MASK 
REGISTER 


SPECIFIC 
EOI REGISTER 


INTERRUPT 
VECTOR 
REGISTER 


OFFSET 


3AH 


38H • 


36H 


34H 


32H 


30H 


2EH 


2CH 


2AH 


28H 


22H 


20H 


Figure 
34. Interrupt 
Controller 
Registers 
(Slave 
Mode) 
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Figure 
35. Specific 
EOI Register 
Format 


15 
14 
13 
8 
7 
6 
5 
4 
3 
2 
1 
0 


0 
0 
0 
I . 
. I 
0 
0 
0- 
ITMR21TMR11 
01 
DO 
0 
ITMROI 


Figure 
36. In-Service, 
Interrupt 
Request, 
and Mask Register 
Format 
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INTERRUPT 
VECTOR 
REGISTER 


This register provides the upper five bits of the inter- 
rupt vector address. The format of this register is 
shown in Figure 38. The interrupt controller itself 
provides the lower three bits of the interrupt vector 
as determined by the priority level of the interrupt 
request. 


The format of the bits in this register is: 
tx: 
5-bit field indicating the upper five bits of the 
vector address. 


PRIORITY-LEVEL 
MASK REGISTER 


This register indicates the lowest priority-level inter- 
rupt which will be serviced. 


The encoding of the bits in this register is: 
mx: 
3-bit encoded field indication priority-level val- 
ue. All levels of lower priority will be masked. 


INTERRUPT 
STATUS 
REGISTER 


This register is defined as in Master Mode except 
that DHLT is not implemented. (See Figure 27). 


Interrupt Controller 
and Reset 


Upon RESET, the interrupt controller will perform 
the following actions: 


• All SFNM bits reset to 0, implying Fully Nested 
Mode. 
• All PR bits in the various control registers set to 1. 


This places all sources at lowest priority (level 
111). 


• All LTM bits reset to 0, resulting in edge-sense 
mode. 


• All Interrupt Service bits reset to O. 


• All Interrupt Request bits reset to O. 
• All MSK (Interrupt Mask) bits set to 1 (mask). 
• All C (Cascade) bits reset to 0 (non-Cascade). 
• All PRM (Priority Mask) bits set to 1, implying no 


-levels masked. 


• Initialized to Master Mode. 
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Figure 37. Control 
Word Format 
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Figure 38. Interrupt 
Vector 
Register 
Format 
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Figure 39. Priority 
Level Mask Register 
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IS Mill 
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Figure 40. Typical 80188 Computer 
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Figure 41. Typical 80188 Multi-Master Bus Interface 
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ABSOLUTE 
MAXIMUM 
RATINGS· 
NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 


Ambient 
Temperature 
under Bias 
.... 
O°C to + 70°C 


Storage Temperature 
- 65°C to + 150°C 


Voltage on any Pin with 
Respect 
to Ground 
-1.0V 
to + 7V 


Power Dissipation 
3 Watt 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause permanent 
damage. 


These are stress ratings only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 
tended exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


D.C. CHARACTERISTICS 
(TA = O°Cto 
+ 70°C, vcc = 5V ±10%) 
Applicable 
to 80188 (8 MHz) 


Symbol 
Parameter 
Min 
Max 
Units 
Test Conditions 


VIL 
Input Low Voltage 
-0.5 
+0.8 
V 


VIH 
Input High Voltage 
2.0 
vcc + 0.5 
V 
(All except X1 and RES) 
- . 


VIHl 
Input High Voltage 
(RES) 
3.0 
vcc + 0.5 
V 


VCLl 
X1 Input Low Voltage 
-0.5 
0.6 
V 


VCHI 
X1 Input High Voltage 
3.9 
VCC + 
1.0 
V 


VOL 
Output Low Voltage 
0.45 
V 
la = 2.5 mA for SO-52 
la = 2.0 mA for all other outputs 


VOH 
Output High Voltage 
. 2.4 
V 
loa = -400 
p.A 


Icc 
Power Supply Current 
600' 
mA 
TA = -40°C 


550 
mA 
TA = O°C 


415 
mA 
TA = +70°C 


III 
Input Leakage Current 
±10 
p.A 
OV < VIN < vcc 


ILO 
Output Leakage Current 
±10 
p.A 
0.45V < VOUT < vcc 


VCLO 
Clock Output 
Low 
0.6 
V 
la = 4.0mA 


VCHO 
Clock Output High 
4.0 
V 
loa = -200 
p.A 


CIN 
Input Capacitance 
10 
pF 


CIO 
1/0 Capacitance 
20 
pF 
-, 


'For extended temperature parts only. 
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PIN TIMINGS 


A.C. CHARACTERISTICS 
(TA = o-c e +70·C, vcc = 5V ±10%) 


80188 Timing 
Requirements 
All Timings 
Measured 
At 1 5 Volts Unless Otherwise 
Noted 


80188 
Test 
Symbol 
Parameter 
(8 MHz) 
Units 
Conditions 
Mln 
Max 


TOVCL 
Data in Setup (AID) 
20 
ns 


TCLOX 
Data in Hold (AID) 
10 
, 
ns 
c, 
.1 
lA, 


TARYHCH 
Asynchronous 
Ready 
20 
ns 
, 


(ARDY) active setup 
time(1) 


TARYLCL 
ARDY inactive 
setup 
35 
ns 
time 


TCLARX 
ARDY hold time 
15 
ns 


TARYCHL 
Asynchronous 
Ready 
15 
ns 
inactive 
hold time 


TSRYCL 
Synchronous 
Ready 
20 
ns 
(SRDy) 
Transition 
Setup Time(2) 


TCLSRY 
SRDY Transition 
15 
ns 
Hold Time(2) 


THVCL 
HOLD Setup(1) 
25 
ns , 


" 


TINVCH 
INTR. NMI, TEST, 
25 
ns 
TMR IN, Setup(1) 


TINVCL 
DROO, DR01, 
Setup(1) 
25 
ns 


80188 
Master 
Interface 
Timing 
Responses 


TCLAV 
Address 
Valid Delay 
5 
55 
ns 


TCLAX 
Address 
Hold 
10 
ns 


TCLAZ 
Address 
Float Delay 
TCLAX 
35 
ns 


TCHCZ 
Command 
Lines 
45 
ns 
Float Delay 


TCHCV 
Command 
Lines Valid 
55 
ns 
Delay (after float) 


TLHLL 
ALE Width 
TCLCL -35 
ns 


TCHLH 
ALE Active 
Delay 
35 
ns 
CL = 20-200 
pF 
TCHLL 
ALE Inactive 
Delay 
35 
ns 
all outputs 
(except 
TCLTMV) 


TLLAX 
Address 
Hold to 
TCHCL -25 
ns 
@BMHz 


ALE Inactive 


TCLOV 
Data Valid Delay 
10 
44 
ns 


TCLDOX 
Data Hold Time 
10 
ns 


TWHOX 
Data Hold after WR 
TCLCL -40 
ns 


TcVCTV 
Control 
Active 
Delay 1 
5 
50 
ns 


TCHCTV 
Control 
Active Delay 2 
10 
55 
ns 


TcvCTX 
Control 
Inactive 
Delay 
5 
55 
ns 


TCVOEX 
DEN Inactive 
Delay 
10 
70 
ns 
(Non-Write 
Cycle) 
.. 
1. To guarantee 
recognition 
at next clock. 


2. To guarantee proper operation. 
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PIN TIMINGS 
(Continued) 


A.C. CHARACTERISTICS 


(TA = o-c e +70·C, vcc = 5V ±10%) (Continued) 


I 
R 
C 
d) 
80188 
Master 
nterface 
Timing 
esponses( 
ontinue 
"" 


80188 
Test 
Symbol 
Parameter 
(8MHz) 
Units 
Conditions 
Mln 
Max 


TAZRL 
Address 
Float to 
0 
ns 
RDActive 


TCLRL 
RD Active Delay 
10 
70 
ns 


TCLRH 
RD Inactive 
Delay 
10 
55 
ns 


TRHAV 
RD Inactive to 
TCLCL -40 
ns 
Address 
Active 
, 


TCLHAV 
HLDA Valid Delay 
5 
50 
ns 


TRLRH 
RDWidth 
2TCLCL -50 
ns 


TWLWH 
WRWidth 
2TCLCL -40 
, 
ns 
,. 


TAVLL 
Address 
Valid to 
TCLCH -25 
ns 
ALE Low 
,I 


TCHSV 
Status Active 
Delay 
10 
55 
ns 
., 
,. 


TCLSH 
Status 
Inactive 
Delay 
10 
65 
ns 


TCLTMV 
Timer Output Delay 
, 
60 
ns 
100pFmax 


TCLRO 
Reset Delay 
60 
ns 


TCHQSV 
Queue Status Delay 
35 
ns 


TCHDX 
Status 
HoldTime 
10 
ns 
.' 


TAVCH 
Address 
Valid to 
10 
ns 
.. 


Clock High 
-, 


TCLLV 
meR Valid/Invalid 
5 
65 
ns 
Delay 
~ 


80188 Chip-Select 
Timing 
Responses 


TCLCSV 
Chip·Select 
66 
ns 


Id 
Active 
Delay 


Tcxcsx 
Onip-Salect 
Hold from 
35 
ns 
- 'J 


Command 
Inactive 
r-' 


TCHCSX 
Chip-Select 
5 
35 
ns 
Inactive 
Delay 


80188 CLKIN 
Requirements 


TCKIN 
CLKIN Period 
62.5 
250 
ns 


TCKHL 
CLKIN Fall Time 
10 
ns 
3.5 to 1.0V 


TCKLH 
CLKIN Rise Time 
10 
ns 
1.0to3.5V 


TCLCK 
CLKIN Low Time 
25 
ns 
1.5V 


TCHCK 
CLKIN High Time 
25 
ns 
1.5V 
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-TCHCL 
ClKOU 
I Hlgn 
lime 
'/2 ICLCL -(.0 
ns 
I.OV 


TCH1CH2 
ClKOUT 
Rise Time 
15 
ns 
1.0t03.5V 


TCl2CL1 
CLKOUT 
Fall Time 
15 
ns 
3.5 to 1.0V 


Explanation 
of the AC Symbols 


Each timing symbol has from 5 to 7 characters. The 
first character is always a "T" (stands for time). The 
other 
characters, 
depending on their 
positions, 


stand for the name of a signal or the logical status of 
that signal. The following is a list of all the charac- 
ters and what they stand for. 
A: 
Address 
ARY: 
Asynchronous Ready Input 


C: 
Clock Output 


CK: 
Clock Input 


CS: 
Chip Select 
CT: 
Control (DTlA, DEN, ... ) 


0: 
Data Input 


DE: 
DEN 


H: 
Logic Level High 


IN: 
Input (DRQO,TIMO,... ) 


L: 
Logic Level Low or ALE 
0: 
Output 


QS: 
Queue Status (QS1, QS2) 
R: 
RD Signal, RESET Signal 
S: 
Status (SO,S1, S2) 


SRY: 
Synchronous Ready Input 
V: 
Valid 


W: 
WR Signal 


X: 
No Longer a Valid Logic Level 


Z: 
Float 


Examples: 
TCLAV- 
Time from Clock Low to Address Valid 
TCHLH- 
Time from Clock High to ALE High 
TCLCSV- Time from Clock LOW to Chp Select Valid 
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intJ 
80188 


WAVEFORMS 


Major Cycle Timing 


T, 


ClK 
OUT 
'''''·~D~ 
!--TClCl- 
~ 
r---". 
,., 
r---". 


--i 
TCHSV I\-..J TCHCl 
'---- 
(NOTE 2 '---I 
I\-- 


VCl 
~ 
HTClSH 
~ 
\ 
1X//////!jJ 
•'..~-_. 


TCLAV I-- 
:: 
TClDV 
I---- 
TCLAX 
TCHDX 
) 
S7,A19-A16 
K 
57_53 


TCLAV -- 
} 
AI5-A8(FlOAT 
DURING 
INTA) 
ru-u, 
TlLAX 
I 
-- ---- 
TAVll 
~ ~ ~ 
II 
::.j 
--- ---- 
TCHlH 
.... - CHll 


TCLAV -- 
::: 
TCrDV 
TCLAX 
TClDOX -- 
K 
A7-AO 
DATA OUT 
- 
TAVCH~ - 
f---oo 
TLLAX 
lWHDX 


TCVCTV:1 
TCVCTX -1 
\ 
¥ 


TCVCTV 
lWlWH 
\ 
J 
~ 
TCVCTX- 
~- 


TClDX - 
ClTCLAZ 
TDVClr== 


POINTER 
FLOAT A 


FLOAT 


TCHCTV f--1 
1\ 


..., 
TCHCTV 
\ 
. 
-I 


TcveTV 


~ 


.-/ 
) 
,~/ 


TCVCTV- P 
TCVDEX f.-o. 


,~ 


,u 
~ , 


}I( 
INVALID 
ADDRESS 


TCLAvFl 
l..::iTCHCSX 
~TClCSV 
TCXCSX. 
\ 
-I 


A15-A8 


ALE 


WRITE CYCLE 


Ro,INTA, 


DT/R=VOH 


INTA CYCLE 


DEN 


DT/R 


RD,WR,=VOH 


SOFlWARE 
HAlT-DT!R=VOl' 


Ro,WR,INTA,DEN=VOH 


PCS, 


IACS 


lCS, 


UCS 
(NOTE 3) 


210706-22 
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80188 


WAVEFORMS 
(Continued) 


Major Cycle Timing (Continued) 


TCH1CH2 


AEADCYCLE 


Wii, INT" 
= VOH 


210706-23 


NOTES: 
1. INTA occurs 
one clock 
later in Slave 
Mode. 


2. Status 
inactive 
just prior to T4. 
3. If latched 
A 1 and A2 are selected 
instead 
of PCS5 and PCS6, only TClCSV is applicable. 
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CLKOUT 
\.",--' 


TINVCL 


OROO·· __ 
"'\.I~+-__ 
OROl 


Nt.4I. _~ 
"",I.,.I.._.:...._....: 
_ 


TEST. 
~~~-~--~---- 
INTO-3 
TIt.4ERIN 


CLKOUT 


OSO.OSl __ 
....J'- 
_ 


210706-31 
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210706-32 


· ----- . 


ARDY 
' ~ 


TARYLCL---j I- 


210706-29 
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80188 


WAVEFORMS (Continued) 


HOLD/HLDA 
TIMING (Entering 
Hold) 


A15 - AB, 


AD7 - ADO, 
80188 
DEN 


A19/56 - A16/S3, 
RD, WR,S7, 
DT/R,52 
- SO, 
LOCK 


CLKOUT 


HOLD 


HLDA 


~ 


T~~~~ 
~I 
~ 
__ ~ 
_ 


80~88 
TCHCZ 


HOLD/HLDA TIMING (Leaving 
Hold) 


CLKOUT 


HOLD 


HLDA 


A15-AB, 
AD7-ADO, 
DEN 


A191S6 - A16/S3, 
RD,WR,S7, 
DTiR, 82 - SO, 
LOCK 


f 


TCHCV 


80188 


210706-33 
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• 


WAVEFORMS 
(Continued) 


80188 


Timer On 80188 


CLKIN 


(XI) 


CLKOUT 


TINVCH 


TIMEIHN 


TIMtEAOUT 
f---...=....:----',--------·-2 
%101 %CLOCKS--------~ 


210706-26 


80188 EXPRESS 


The Intel EXPRESS system offers enhancements 
to 
the 
operational 
specifications 
of the 80188 
micro- 
processor. 
EXPRESS 
products 
are 
designed 
to 
meet the needs of those applications 
whose operat- 


ing requirements 
exceed 
commercial 
standards. 


The 
EXPRESS 
program 
includes 
the 
commercial 
standard 
temperature 
range with burn-in and an ex- 
tended 
temperature 
range without 
burn-in. 


With 
the 
commercial 
standard 
temperature 
range, 
operational 
characteristics 
are guaranteed 
over the 


temperature 
range of O"C to 70·C. With the extend- 
ed temperature 
range option, 
operational 
character- 


istics 
are guaranteed 
over the range 
of 
-40·C 
to 
+ 85·C. 


The optional 
burn-in is dynamic, 
for a minimum 
time 
of 160 hours 
at 125·C 
with vcc = 
5.5V 
±0.25V, 


following 
guidelines 
in MIL-STD-883, 
Method 
1015. 


Package types and EXPRESS versions 
are identified 
by a one or two-letter 
prefix to the part number. The 
prefixes are listed in Table 16. All AC and DC specifi- 
cations 
not mentioned 
in this section 
are the same 
for both commercial 
and EXPRESS 
parts. 


Table 
16. Prefix Identification 


Prefix 
Package 
Temperature 
Burn-In 
Type 
Range 


A 
PGA 
Commercial 
No 


N 
PLCC 
Commercial 
No 


R 
LCC 
Commercial 
No 


TA 
PGA 
Extended 
No 


OR 
LCC 
Commercial 
Yes 


NOTE: 
Not alt package/temperature 
range combinations 
are avail- 


able. 
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intJ 


80188 EXECUTION 
TIMINGS 


80188 


A determination 
of 80188 
program 
execution 
timing 
must consider 
the bus cycles 
necessary 
to prefetch 
instructions 
as well as the number 
of execution 
unit 
cycles 
necessary 
to execute 
instructions. 
The 
fol- 
lowing instruction 
timings represent 
the minimum 
ex- 
ecution time in clock cycles for each instruction. 
The 
timings 
given 
are based 
on the following 
assump- 
tions: 


• 
The opcode, 
along with any data or displacement 
required 
for execution 
of a particular 
instruction, 
has been prefetched 
and resides 
in the queue at 
the time it is needed. 


• 
No wait states or bus HOLDs 
occur. 


All instructions 
which involve 
memory 
accesses 
can 
also require one or two additional 
clocks 
above the 
minimum 
timings 
shown 
due to the 
asynchronous 
handshake 
between 
the 
Bus 
Interface 
Unit 
(BIU) 
and execution 
unit. 


All jumps and calls include the time required to fetch 
the opcode 
of the next instruction 
at the destination 
address. 


The 80188 
8-bit BIU is noticeably 
limited 
in its per- 
formance 
relative 
to the execution 
unit. A sufficient 
number 
of prefetched 
bytes 
may not reside 
in the 
prefetch 
queue 
much of the time. Therefore, 
actual 
program 
execution 
time may be substantially 
greater 
than that derived from adding the instruction 
timings 
shown, 
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, 
-"" .. 
, 
4!/1" 


Segmentregisterto registerImemory I 
10001100 
I modOreg rIm I 
2/15 


PUSH = Push: 


Memory 
I 
11111111 
I mod 110 
rIm I 
20 


Register 
I 
0101.0 
reg I 
14 


Segmentregister 
I 
OOOreg 11 0 I 
13 


Il- 
I 01101080 
I 
I 
i 
14 
'.'- 
daIa 
dalalla=O 
- 


II>UAM.l•• ~AII 
[ 
01100'0\)01 
68 


POP = Pop: 


Memory 
I 
10001111 
I modOOO rIm I 
24 


Register 
I 
01011 
reg I 
14 


Segmentregister 
I 
OOOreg 111 I 
(reg""Ol) 
12 


tMPA- 
_Ad 
I 
01;'100~01l 
,%, 
1'" 
ea 


XCHG = Exchange: 


Register/memorywith register 
I 
1000011w 
I 
modreg rIm I 
4/17' 


Registerwith accumulator 
I 
10010reg 
I 
3 


IN = Input from: 


Fixedport 
I 
1110010w 
port 
I 
10' 


Variableport 
I 
1110110w 
8' 
OUT = Output to: 


Fixedport 
I 
1110011 
w 
port 
I 
9' 


Variableport 
I 
1110111 
w 
7' 


XLAT = Translatebyteto AL 
I 
11010111 
15 


LEA = LoadEAto register 
I 
10001101 
modreg rIm 
I 
6 


LDS = Loadpointerto OS 
I 
11000101 
modreg rIm 
I 
(mod""ll) 
26 


LES = Loadpointerto ES 
11000100 
modreg rIm 
I 
(mod= t t) 
26 


LAHF = LoadAHwith flags 
10011111 
2 


SAHF = Store AH into flags 
10011110 
3 


PUSHF= Pushflags 
10011100 
13 


Shaded 
areas indicate 
instruct ons not available 
in 8086, 8088 microsystems. 


"Note: 
Clock cycles shown for byte transfer. 
For word operations, 
add 4 clock cycles for all memory transfers. 
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intJ 
80188 


INSTRUCTION 
SET SUMMARY 
(Continued) 
~ 
J' 
,'-1 


Function 
Format 
Clock 
Commenta 
Cycles 


DATA TRANSFER (Continued) 


POPF = Pop flags 
I 
10011101 
I 
12 


SEGMENT = Segment Override: 
,-, 


CS 
I 
00101110 
I 
2 
I-- 


SS 
I 
00110110 
I 
2 
-, 


DS 
I 
00111110 
I 
2 
" 


I 
I 
. 


ES 
00100110 
2 


ARITHMETIC 
ADD = Add: 


Reglmemory with register to either 
I 
OOOOOOdw I 
modreg rIm 
I 
3/10· 


Immediate to registerI memory 
I 
100000sw 
I modOOO rIm I 
data 
I data if s w=OI I 
4/16· 


Immediate to accumulator 
I 
0000010w 
I 
data 
I 
dataifw=1 
I 
3/4 
8/16-bit 


ADC = Add with carry: 


Reglmemory with register to either 
I 
000100dw 
I 
mod reg rIm 
I 
3/10· 


Immediate to registerlmemory 
I 
100000sw 
I modO 10 rIm I 
data 
I dataifsw=OI 
I 
4/16· 


Immediate to accumulator 
I 
0001010w 
I 
data 
I 
dataifw=1 
I 
3/4 
8/16·bit 


INC = Increment: 


Registerlmemory 
I 
1111111w 
I modOOO rIm I 
3/15· 


Register 
I 01000reg 
I 
3 


SUB = Subtract: 


Reglmemory and register to either 
I 
001010dw 
I 
mod reg rIm 
I 
3/10· 


Immediate from registerlmemory 
I 
100000sw 
I mod101 
rIm I 
data 
I data if s w= 01 I 
4/16· 


Immediate 
from accumulator 
I 
0010110w 
I 
data 
I 
dataifw=1 
I 
3/4 
81 1S-bit 


SBB = Subtract with borrow: 


Reglmemory and register to either 
I 000110dw 
I 
modreg rIm 
I 
3/10· 


Immediate from registerlmemory 
I 
100000sw 
I modO 11 rIm I 
data 
I data if s w=OI I 
4/16· 


I 
I 
I 
I 


, 


3/4 
8/16·bit 
Immediate from accumulator 
0001110w 
data 
dataifw=1 


DEC = Decrement: 


RegisterI memory 
I 
1111111w 
I mod 0 0 1 rIm I 
3/15· 


Register 
I 01001reg 
I 
3 


CMP = Compare: 


RegisterI memory with register 
0011101 
w 
mod reg rIm 
3/10· 


Register with registerI memory 
0011100w 
modreg rIm 
3/10· 


Immediate with registerlmemory 
100000sw 
modlll 
rIm 
data 
I data if s w=OI I 
3/10· 


Immediate with accumulator 
0011110w 
data 
dataifw=1 
I 
3/4 
81 16·bit 


NEG = Change sign registerlmemory 
1111011w 
modO 11 rIm 
3/10· 


AAA = ASCII adiust for add 
00110111 
8 


DAA = Decimal adjust for add 
I 
00100111 
4 


AAS = ASCII adjust for subtract 
I 
00111111 
I 
7 


DAS = Decimal adjust for subtract 
I 
00101111 
I 
4 


Shaded 
areas indicate 
instructions 
not available 
in 8086, 8088 microsystems. 
'Note: 
Clock cycles shown for byte transfer. 
For word operations, 
add 4 clock cycles for all memory transfers. 
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inter 
80188 


INSTRUCTION 
SET SUMMARY 
(Continued) 


Format 
Clock 
Comments 
Function 
Cyel•• 


ARITHMETIC(Continued) 


MUL ~ Multiply (unsigned): 
I 1111011 
w I 
mod 100 rIm I 
Register-Byte 
26-28 
Register-Word 
35-37 
Memory-Byte 
32-34 
Memory-Word 
41-43' 


IMUL = Integer multiply (algned): 
I 1111011w 
I mod 101 
rIm I 
Register-Byte 
25-28 
Register-Word 
34-37 
Memory-Byte 
31-34 
Memory-Word 
40-43' 


~Intager 
II'nrII8cIatanUtpIy 
I 011010., 
I mod rea rIm I 
I 
I 
- 
dIda 
dalaH8=O 
22-251 
29-32 
~ 


DIY = Divide (unsigned): 
I 1111011w 
I mod 110 
rIm I 
Register-Byte 
29 
Register-Word 
38 
Memory-Byte 
35 
Memory-Word 
44' 


IDlY = Integer divide (signed): 
I 1111011 
w I mod 111 
rIm I 
Register-Byte 
44-52 
Register-Word 
53-61 
Memory-Byte 
, 
50-58 
Memory-Word 
59-67' 


MM 
= ASCIIadjustfor multiply 
I 
11010100 
I 00001010 
I 
19 


MD 
= ASCIIadjustfor divide 
I 
11010101 
I 
00001010 
I 
15 


CBW = Convertbyteto word 
I 
10011000 
I 
2 


CWD = Convertword to doubleword I 
10011001 
I 
-- 
4 


LOGIC 
Shlft/Rotate Instructions: 


RegisterIMemory by 1 
I 1101000w 
I 
modTTT rIm I 
2/15 


RegisterIMemory by CL 
I 1101001w 
I 
modTTT rIm I 
5+n/17+n 
I-- 
I 1100000w I modTTTr/m I 
I 
,- 
,-, 
•••••••••••• I!XCount 
count 
5:1:-o/.17+n 


TTT Instruction 
000 
ROL 
001 
ROR 
010 
RCL 
011 
RCR 
100 
SHlISAL 
101 
SHR 
111 
SAR 
AND ~ And; 


Reglmemory and registerto either 
I 001000dw 
I 
modreg rIm I 
3/10' 


Immediateto registerlmemory 
I 1000000w 
I mod 100 rIm I 
data 
I 
data it w=j 
I 
4/16' 


Immediateto accumulator 
I 0010010w 
I 
data 
I 
dataHw=l 
I 
3/4 
8/16-bit 


Shaded 
areas indicate 
instructions 
not available 
ln 8086, 8088 microsystems. 
*Note: 
Clock cycles shown for byte transfer. 
For word operations, 
add 4 clock cycles for all memory transfers. 
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Immeolateto reglster/memory 
1000000w 
mod 110 
rim 
data 
data itw =t 
4/16' 


Immediateto accumulator 
0011010w 
data 
dataifw=l 
3/4 
8/16-bit 


NOT = Invertregister/memory 
1111011w 
modO10 rim 
3/10' 


STRINGMANIPULATION: 


MOVS = Movebyte/word 
1010010w 
I 
14' 


CMPS= Comparebyte/word 
1010011 
w I 
22' 


SCAS = Scanbyte/word 
1010111 
w I 
15' 


LOOS= Loadbyte/wd to ALl AX 
1010110w 
I 
12' 


STOS = Storebyte/wd from All AX 
1010101w 
I 
10' 


p Inputbyte/wd ~ 
OXport 
<l110'ttOw , 
',. 


0110111w 
I 
14 


Repeatedbycountinex (REP/REPE/REPZ/REPNE/REPNZ) 


MOVS = Movestring 
I 
11110010 
1010010w 
8+8n' 


CMPS= Comparestrtng 
I 
1111001 
z 
1010011 
w 
5+22n' 


SCAS = Scanstring 
I 
1111001 
z 
1010111 
w 
5+15n' 


LODS = Loadstring 
I 11110010 
1010110w 
6+11n' 


STOS = Storestrtng 
I 
11110010 
1010101w 
6+9n' 


~f 11110010 
0110t10w 
8+8n' 


-~8IrtI!II 
I 11110010 
01101 
t 1w 
8+8n' 


Shaded 
areas indicate 
instructions 
not available 
in 8086, 8088 microsystems. 
"Note: 
Clock cycles shown for byte transfer. 
For word operations, 
add 4 clock cycles for all memory transfers. 
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80188 


INSTRUCTION 
SET SUMMARY 
(Continued) 


Function 
Format 
Clock 
Comments 
Cycles 


CONTROL TRANSFER 


CALL ~ Call: 


Direct within segment 
I 
t 1101000 
I 
disp-low 
I 
disp-high 
I 
19' 


Register/memory 
I 
11111111 
I mod 010 
rIm I 
17/27 
indirect within segment 


..,. 


Direct intersegment 
I 
10011010 
I 
segment offset 
I 
31 


I 
segment selector 
I 
. 


Indirect intersegment 
I 
11111111 
I modO 11 rIm I 
(mod * 11) 
54 


JMP ~ Unconditional Jump: 
" 


Shortllong 
I 
11101011 
I 
disp-low 
I 
14 
." 


Direct within segment 
I 
11101001 
I 
disp-low 
I 
disp.high 
I 
14 


Register/memory 
I 
11111111 
I mod 100 
rIm I 
11/21 
indirect within segment 


Direct intersegment 
I 
11101010 
I 
segment offset 
I 
14 


I 
segment selector 
I 
....: 


Indirect intersegment 
I 
11111111 
I mod 101 
rIm I 
(mod * 11) 
34 
. 


RET ~ Return from CALL: 
,: 
Within segment 
I 
11000011 
I 
20 


Within seg adding immed to SP 
I 
11000010 
data-low 
I 
data·high 
I 
22 
I 


" 


Intersegment 
11001011 
30 


Intersegment adding immediate to SP 
I 
11001010 
data-tow 
I 
data-hiqh 
I 
33 


JE/JZ ~ Jump on equal/zero 
01110100 
disp 
I 
4/13 
JMPnot 


JLlJNGE 
~ Jump on less/not greater or equal 
01111100 
disp 
I 
4/13 
taken/JMP 
taken 
JLE/JNG ~ Jump on less or equal/not greater 
01111110 
I 
disp 
4/13 


JB/JNAE ~ Jump on below/not above or equal 
01110010 
I 
disp 
4/13 


JBE/JNA ~ Jump on below or equal/not above 
01110110 
disp 
4/13 


JP/JPE ~ Jump on parity/parity even 
01111010 
disp 
4/13 


JO ~ Jump on overflow 
I 
01110000 
disp 
4/13 


JS ~ Jump on sign 
I 
01111000 
disp 
4/13 


JNE/JNZ ~ Jump on not equal/not zero 
01110101 
disp 
4/13 


JNL/JGE ~ Jump on not less/greater or equal 
01111101 
disp 
4/13 


JNLE/ JG ~ Jump on not less or equal/ greater 
01111111 
disp 
4/13 


JNB/JAE ~ Jump on not below/above or equal 
01110011 
disp 
4/13 


JNBE/ JA ~ Jump on not below or equal/ above 
01110111 
disp 
4/13 


JNP/JPO ~ Jump on not par/par odd 
01111011 
disp 
4/13 


Shaded 
areas indicate 
instructions 
no 
available 
in 
086, 8088 microsystems. 
'Note: 
Clock cycles shown for byte transfer. 
For word operations, 
add 4 clock cycles for all memory transfers. 
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inter 
80188 


INSTRUCTION 
SET SUMMARY 
(Continued) 


IRET = Interrupt .return 
I 
1 1 0 0 1 1 1) 
I 
28 


~J~'fi&G;!~~~mllliril't}t}i()f1)lhil_jlQ 
r(lldilllW'l!lDII_II~. 
lIa.~lI:~· 


PROCESSORCONTROL 


Function 
Format 


CONTROL TRANSFER (Continued) 


JNO = Jump on not overflow 
01110001 
disp 


JNS = Jump on not sign 
01111001 
disp 


JCXZ = Jump on CX zero 
11100011 
disp 


LOOP = Loop CX times 
11100010 
disp 


LooPZ/LooPE 
= Loop while zero/equal 
111~0001 
disp 


INT = Interrupt: 


Type specified 
11001101 
type 


Type 3 
11001100 


INTO = Interrupt on overflow 
11001110 


Clock 
. 
Commenta 
Cycles 


4/13 


4/13 


5/15 


6/16 
LOOP not 


6/16 
taken/LOOP• 


taken 


47 


45 
ij INT. taken/ 


iflNT.not 
taken 
46/4 


CLC = Clear carry 
11111000 
2 


CMC = Complement carry 
11110101 
2 


STC = Set carry 
11111001 
2 


CLD = Clear direction 
11111100 
2 


STD = Set direction 
11111101 
2 


CLI = Clear interrupt 
11111010 
2 


STI = Set interrupt 
11111011 
2 


HLT = Halt 
11110100 
2 


WAIT = Wait 
10011011 
6 
ifITS'T = 0 


LOCK = Bus lock prefix 
11110000 
2 


ESC = Processor Extension Escape 
11011 
TTT 
mod LLL rIm 
6 


(TTT LLL are opcode to processor extension) 


NOP = No Operation 
I 
10010000 
I 
3 


Shaded 
areas indicate 
instructions 
not available 
in 8086, 8088 microsystems. 
'Note: 
Clock cycles shown for byte transfer. 
For word operations, 
add 4 clock cycles for all memory transfers. 
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FOOTNOTES 


The Effective 
Address 
(EA) of the memory 
operand 
is computed 
according 
to the mod and rim fields: 


if mod = 11 then rim is treated 
as a REG field 


if mod = 00 then 
OISP = 0·, disp-Iow 
and disp-high 
are 
absent 


if mod = 01 then OISP = disp-Iow 
sign-extended 
to 
16-bits, 
disp-high 
is absent 


if mod = 10 then OISP = disp-high: 
disp-Iow 


if rim = 000 then 
EA = (BX) + (SI) + OISP 


if rim = 001 then 
EA = (BX) + (01) + OISP 


if rim = 010 then 
EA = (BP) + (SI) + OISP 


if rim = 011 then 
EA = (BP) + (01) + OISP 


if rim = 100 then 
EA = (SI) + OISP 


if rim = 101 then 
EA = (01) + OISP 


if rim = 110 then EA = (BP) + OISp· 


if rim = 111 then 
EA = (BX) + OISP 


OISP follows 
2nd byte of instruction 
(before 
data if 
required) 


'except 
if mod = 00 and rim = 
110 then 
EA = 
disp-high: 
disp-Iow. 


EA calculation 
time is 4 clock 
cycles 
for all modes, 
and is included 
in the execution 
times given whenev- 
er appropriate. 


Segment 
Override 
Prefix 
I 0 
0 
1 
reg 
1. 
1 
0 I 


reg is assigned 
according 
to the following: 


Segment 
Register 


ES 
CS 
SS 
OS 


reg 


00 
01 
10 
11 


REG is assigned 
according 
to the following 
table: 


16-Blt (w = 1) 
OOOAX 
001 CX 
010 OX 
011 BX 
100 SP 
101 BP 
110 SI 
111 01 


S-Blt(w 
= 0) 
OOOAL 
001 CL 
0100L 
011 BL 
100AH 
101 CH 
110 OH 
111 BH 


The physical 
addresses 
of all operands 
addressed 
by the BP register 
are computed 
using the SS seg- 
ment register. 
The physical 
addresses 
of the desti- 
nation 
operands 
of the 'string 
primitive 
operations 
(those 
addressed 
by the 01 register) 
are computed 
using the ES segment, 
which may not be overridden. 
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REVISION 
HISTORY 


The sections significantly 
revised since version -010 are: 


Pin Description Table 
Added note to TEST pin requiring proper RESET at power-up to configure 
pin as input. 


Renamed pin 44 to INT1/SELECT and pin 41 to INT3/INTA1/IRQ to bet- 
ter describe their functions in Slave Mode. 
Added reminder to drive RES pin LOW during power-up. 
Clarified applicability of TClCSVto latched A1 and A2 in footnote. 
Redrawn to indicate correct relationship of HOLD inactive to HLDA inac- 
tive. 
Corrected clock count for ENTER instruction. 
The three low order bits associated with vector generation and performing 
EOI are not alterable; however, the priority levels are programmable. This 
information is a clarification only. 


Initialization and Processor Reset 
Major Cycle Timing Waveform 
HOLD/HLDA Timing Waveforms 


Instruction Set Summary 
Slave Mode Operation 


The sections significantly 
revised since version -009 are: 
Pin Description Table 
<, 
Various descriptions rewritten for clarity. 
Interrupt Vector Table 
Redrawn for clarity. 


A.C. Characteristics 
Added reminder that TSAYCl and TClSAY must be met. 


Explanation of the A.C. Symbols 
New section. 


Major Cycle Timing Waveforms 
TClAO indicated. 


The sections significantly 
revised since version -008 are: 
Pin Description Table 
Noted RES to be low more than 4 clocks. Connections to X1 and X2 
clarified. 
Moved and clarified note concerning TC condition for ST/STOP clearing 
during unsynchronized transfers. 
Renamed iRMX Mode to Slave Mode. 
Noted that DOand 01 are read/write, others read-only. 
Clarified effect of bus width. 
10 MHz 80188 no longer offered. 


DMA Control Bit Descriptions 


Interrupt Controller, etc. 
Interrupt Request Register 
Execution Timings 
A.C. Characteristics 


The sections significantly 
revised since version -007 are: 
A.C. Characteristics 
Several timings changed in anticipation of test change (all listed in ns): 
TCLAV(min.) at 10 MHz from 50 to 44; TCVCTV(min.) at 8 MHz from 10 to 
5; TCVCTV(max.) from 70 to 50 at 8 MHz and 56 to 40 at 10 MHz. 
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80C188 
CHMOS HIGH INTEGRATION 
16-BIT MICROPROCESSOR 
• Operation 
Modes Include: 
• Direct Addressing 
Capability 
to 
- 
Enhanced 
Mode Which Has 
1 MByte Memory 
and 64 KByte I/O 
- 
DRAM Refresh 
Control 
Unit 
• Completely 
Object Code Compatible 
- 
Power-Save 
Mode 
with All Existing 8086/8088 
Software 
- 
Compatible 
Mode 
and Also Has 10 Additional 
Instructions 
- 
NMOS 80188 Pin for Pin 
over 8086/8088 
Replacement 
for Non-Numerics 
Applications 
• Complete 
System 
Development 
• Integrated 
Feature 
Set 
Support 
-All 
8088 and NMOS 80188 Software 
- 
Enhanced 
80C86/C88 
CPU 
Development 
Tools Can Be Used for 
- 
Clock Generator 
80C186 System 
Development 
- 
2 Independent 
DMA Channels 
- 
ASM86 Assembler, 
PL/M-86, 
- 
Programmable 
Interrupt 
Controller 
Pascal-86, 
Fortran-86, 
C-86 and 
- 
3 Programmable 
16-Bit Timers 
System 
Utilities 
- 
Dynamic 
RAM Refresh 
Control 
Unit 
-In-Circuit-Emulator 
(ICETM-188) 
- 
Programmable 
Memory 
and 
Peripheral 
Chip Select 
Logic 
• Available 
in 68 Pin: 


- 
Programmable 
Wait State Generator 
- 
Plastic Leaded 
Chip Carrier 
(PLCC) 


- 
Local Bus Controller 
- 
Ceramic 
Pin Grid Array (PGA) 


- 
Power Save Mode 
- 
Ceramic 
Leadless 
Chip Carrier 
- 
System-Level 
Testing 
Support 
(High 
(JEDEC A Package) 


Impedance 
Test Mode) 
(See Packaging 
Outlines 
and Dimensions, 
Order 
Number 
231369) 
• Available 
in 16 MHz (80C188-16), 
• Available 
in EXPRESS 
Extended 
12.5 MHz (80C188-12) 
and 10 MHz 
Temperature 
Range (- 40·C to + 85·C) 
(80C188) 
Versions 


The Intel 80C188 
is a CHMOS 
high integration 
microprocessor. 
It has features 
which 
are new to the 80186 


family which 
include 
a DRAM refresh 
control 
unit and power-save 
mode, When used in "compatible" 
mode, 


the 80C188 
is 100% 
pin-for-pin 
compatible 
with the NMOS 
80188 
(except 
for 8087 'applications). 
The "en- 


hanced" 
mode 
of operation 
allows 
the full feature 
set of the 80C188 
to be used. The 
80C188 
is upward 


compatible 
with 8086 
and 8088 
software 
and fully compatible 
with 80186 
and 80188 
software, 
except 
for 


numerics 
applications. 
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Figure 1. 80C188 
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Table 
1. 80C188 
Pin Description 


Symbol 
Pin No. 
Type 
Name and Function 


Vcc 
9 
I 
System Power: + 5 volt power supply. 
43 
I 


Vss 
26 
I 
System Ground. 
60 
I 


RESET 
57 
0 
RESET Output indicates 
that the 80C188 CPU is being reset, and can 


be used as a system reset. It is active HIGH, synchronized 
with the 


processor 
clock, and lasts an integer number of clock periods 
corresponding 
to the length of the RES signal. Reset goes inactive 2 


clockout 
periods after RES goes inactive. When tied to the TEST pin, 


RESET forces the 80C188 into enhanced 
mode. RESET is not floated 


during bus hold. 


X1 
59 
I 
Crystal Inputs X1 and X2 provide external connections 
for a 
X2 
58 
0 
fundamental 
mode or third overtone 
parallel resonant 
crystal for the 


internal oscillator. 
X1 can connect 
to an external clock instead of a 


crystal. 
In this case, minimize the capacitance 
on X2. The input or 


oscillator 
frequency 
is internally 
divided by two to generate 
the clock 


signal (CLKOUT). 


CLKOUT 
56 
0 
Clock Output provides 
the system with a 50% duty cycle waveform. 


All device pin timings are specified 
relative to CLKOUT. 
CLKOUT 
is 


active during reset and bus hold. 


RES 
24 
I 
An active RES causes the 80C188 to immediately 
terminate 
its 
present activity, clear the internal 
logic, and enter a dormant 
state. 


This signal may be asynchronous 
to the· 80C188 clock. The 80C188 


begins fetching 
instructions 
approximately 
6% clock cycles after RES 


is returned 
HIGH. For proper initialization, 
vcc must be within 
specifications 
and the clock signal must be stable for more than 4 
clocks with RES held LOW. RES is internally 
synchronized. 
This input 


is provided with a Schmitt·trigger 
to facilitate 
power-on 
RES 
generation 
via an RC network. 


TEST 
47 
1/0 
The TEST pin is sampled 
during and after reset to determine 
whether 


the 80C188 is to enter Compatible 
or Enhanced 
Mode. Enhanced 
Mode requires TEST to be HIGH on the rising edge of RES and LOW 
four CLKOUT 
cycles later. Any other combination 
will place the 
80C188 in Compatible 
Mode. A weak internal 
pullup ensures a HIGH 


state when the pin is not driven. This pin is examined 
by the WAIT 
instruction. 
If the TEST input is HIGH when WAIT execution 
begins, 


instruction 
execution 
will suspend. 
TEST will be resampled 
every five 


clocks until it goes LOW, at which time execution 
will resume. 
If 
interrupts 
are enabled while the 80C188 is waiting for TEST, 
interrupts 
will be serviced. 
During power-up, 
active RES is required to 


configure 
TEST as an input. 


TMR INO 
20 
I 
Timer Inputs are used either as clock or control 
signals, depending 
TMR IN 1 
21 
I 
upon the programmed 
timer mode. These inputs are active HIGH (or 


LOW-to-HIGH 
transitions 
are counted) 
and internally 
synchronized. 


Timer Inputs must be tied HIGH when not being used as clock or 
retrigger inputs. 


TMR OUT 0 
22 
0 
Timer outputs are used to provide single pulse or continous 
waveform 


TMROUT 
1 
23 
0 
generation, 
depending 
upon the timer mode selected. 
These outputs 


are not floated 
during a bus hold. 
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Table 1. 80C188 
Pin Description 
(Continued) 


Symbol 
Pin No. 
Type 
Name and Function 


DRQO 
18 
I 
DMA Request 
is asserted 
HIGH by an external 
device when it is 
DRQ1 
19 
I 
ready for DMA Channel 
0 or 1 to perform 
a transfer. 
These signals 


are level-triggered 
and internally 
synchronized. 


NMI 
46 
I 
The Non-Maskable 
Interrupt 
input causes a Type 2 interrupt. 
An 


NMI transition 
from LOW to HIGH is latched and synchronized 


" 


internally, 
and initiates the interrupt 
at the next instruction 
boundary. 
NMI must be asserted 
for at least one CLKOUT 
period. 


The Non-Maskable 
Interrupt 
cannot 
be avoided 
by programming 
. 


INTO 
45 
I 
Maskable 
Interrupt 
Requests 
can be requested 
by activating 
one 


INT1/SELECT 
44 
I 
of these pins. When configured 
as inputs, these pins are active 


INT2/INTAO 
42 
I/O 
HIGH. Interrupt 
Requests 
are synchronized 
internally. 
INT2 and 


INT3/1NTA 1IIRQ 
41 
1/0 
INT3 may be configured 
to provide active-LOW 
interrupt- 
acknowledge 
output signals. All interrupt 
inputs may be configured 


to be either edge- or level-triggered. 
To ensure recognition, 
all 
interrupt 
requests 
must remain active until the interrupt 
is 
acknowledged. 
When slave mode is selected, 
the function 
of 
these pins changes 
(see Interrupt 
Controller 
section 
of this data 
sheet). 


A19/S6 
65 
0 
Address 
Bus Outputs 
(16-19) 
and Bus Cycle Status (3-6) 
A18/S5 
" 
66 
0 
indicate the four most significant 
address bits during T1. These 


A17154 
" 
67 
0 
signals are active HIGH. During T2, T3, Tw, and T4, status 
A16/S3 
68 
0 
information 
is available 
on these lines as encoded 
below: 


During T2, T3, Tw, and T4, the 56 pin is LOW to indicate a CPU- 
initiated 
bus cycle or HIGH to indicate a DMA-initiated 
bus cycle. 


During the same T-states, 
S3, S4, and S5 are always LOW. 


These outputs are floated 
during a bus hold or reset. 


A15 
1 
0 
Address-Only 
Bus (15-8) 
contains 
valid addresses 
from T 1- T4. 
A14 
3 
0 
Th,e bus is active high. These outputs are floated 
during a bus hold 


A13 
5 
0 
or reset. 


A12 
7 
0 
A11 
10 
0 
A10 


f 
12 
0 
A9 
14 
0 
A8 
16 
0 


AD7 
2 
1/0 
Address/Data 
Bus (7 -0) 
signals constitute 
the time multiplexed 
AD6 
4 
1/0 
memory or 1/0 address 
(T1) and data (T2, T3, Tw, and T4) bus. 


AD5 
6 
I/O 
The bus is active high. These pins are floated 
during a bus hold or 


AD4 
8 
1/0 
reset. 


AD3 
11 
1/0 
AD2 
13 
I/O 
AD1 
15 
1/0 
ADO 
17 
I/O 


RFSH 
64 
0 
In compatible 
mode, RFSH is HIGH. In enhanced 
mode, RFSH is 


asserted 
LOW to signify a refresh bus cycle. The RFSH output pin 


floats during bus hold or reset, regardless 
of operating 
mode. 
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Table 1. 80C186 
Pin Description 
(Continued) 


Symbol 
Pin No. 
Type 
Name and Function 


ALE/QSO 
61 
0 
Address 
Latch Enable/Queue 
Status 0 is provided 
by the 80C188 


to latch the address. ALE is active HIGH, with addresses 
guaranteed 
valid on the trailing edge. 


WR/QS1 
63 
0 
Write Strobe/Queue 
Status 1 indicates 
that the data on the bus is 


to be written into a memory or an I/O device. It is active LOW, and 
floats during bus hold or reset. When the 80C188 is in queue status 
mode, the ALE/QSO 
and WR/QS1 
pins provide information 
about 


processor/instruction 
queue interaction. 


QS1 
QSO 
Queue Operation 


0 
0 
No queue operation 
0 
1 
First opcode 
byte fetched 
from 


the queue 


, 
1 
1 
Subsequent 
byte fetched 
from 


the queue 
1 
0 
Empty the queue 


RD/OSMD 
62 
0/1 
Read Strobe is an active LOW signal which indicates 
that the 
80C188 is performing 
a memory or I/O read cycle. It is guaranteed 


not to go LOW before the AID 
bus is floated. 
An internal 
pull-up 


ensures that RD/OSMD 
is HIGH during RESET. Following 
RESET 


the pin is sam~d 
to determine 
whether 
the 80C188 is to provide 


ALE, RD and WR, or queue status information. 
To enable Queue 


Status Mode, RD must be connected 
to GND. RD will float during 


bus HOLD. 


ARDY 
55 
I 
Asynchronous 
Ready informs the 80C188 that the addressed 


memory space or I/O device will complete 
a data transfer. 
The 
ARDY pin accepts 
a rising edge that is asynchronous 
to CLKOUT 


and is active HIGH. The falling edge of ARDY must be 
synchronized 
to the 80C188 clock. Connecting 
ARDY HIGH will 


always assert the ready condition 
to the CPU. If this line is unused, 


it should be tied LOW to yield control to the SRDY pin. 


SRDY 
49 
I 
Synchronous 
Ready informs the 80C188 that the addressed 
memory space or I/O device will complete 
a data transfer. 
The 


SRDY pin accepts 
an active-HIGH 
input synchronized 
to CLKOUT. 
The use of SRDY allows a relaxed system timing over ARDY. This 
is accomplished 
by elimination 
of the one-half 
clock cycle required 


to internally 
synchronize 
the ARDY input signal. Connecting 
SRDY 


high will always assert the ready condition 
to the CPU. If this line is 


! 
unused, it should be tied LOW to yield control 
to the ARDY pin. 
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0 
0 
0 
Interrupt 
Acknowledge 


" 
0 
0 
1 
Read I/O 
0 
' " 
1 
0 
Write I/O 
0 
1 
1 
Halt 
1 
0 
0 
Instruction 
Fetch 
". 
1 
0 
1 
Read Data from Memory 
1 
1 
0 
Write Data to Memory 
1 
1 
1 
Passive (no bus cycle) 


The status pins float during HOLD. 
S2 may be used as a logical M/la 
indicator, 
and S1 as a DT/A 
indicator. 


HOLD 
50 
I 
HOLD indicates 
that another 
bus master is requesting 
the local bus. 


HLDA 
51 
0 
The HOLD input is active HIGH. The 80C188 generates 
HLDA 


t 
(HIGH) in response 
to a HOLD request. Simultaneous 
with the 
issuance of HLDA, the 80C188 will float the local bus and control 
lines. After HOLD is detected 
as being LOW, the 80C188 will lower 
, 
HLDA. When the 80C188 needs to run another 
bus cycle, it will again 
drive the local bus and control 
lines. 


In Enhanced 
Mode, HLDA will go low when a DRAM refresh cycle is 
pending in the 80C188 and an external 
bus master has control 
of the 
bus. It will be up to the external 
master to relinquish 
the bus by 
lowering 
HOLD so that the 80C188 may execute 
the refresh cycle. 


UCS 
34 
0/1 
Upper Memory Chip Select is an active LOW output whenever 
a 
memory reference 
is made to the defined 
upper portion (1K-256K 


I 
block) of memory. 
UCS does not float during bus hold. The address 
range activating 
UCS is software 
programmable. 


UCS and LCS are sampled 
upon the rising edge of RES. If both pins 
are held low, the 80C188 will enter ONCE Mode. In ONCE Mode all 
pins assume a high impedance 
state and remain so until a 


r 
subsequent 
RESET. UCS has a weak internal pullup that is active 


I 
during RESET to ensure that the 80C188 does not enter the ONCE 
mode inadvertently. 
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Table 
1. 80C188 
Pin Description 
(Continued) 


Symbol 
Pin No. 
Type 
Name and Function 


LCS 
33 
Oil 
Lower Memory Chip Select is active LOW whenever 
a 
memory reference 
is made to the defined 
lower portion (1K- 
256K) of memory. [CS does not float during bus HOLD. The 
address range activating 
LCS is software 
programmable. 
I, 
-< 
UCS and LCS are sampled 
upon the rising edge of RES. If 


~ 
both pins are held low, the 80C186 will enter ONCE Mode. In 
ONCE Mode all pins assume a high i~ance 
state and 


J 
., 


remain so until a subsequent 
RESET. LCS has a weak 
internal 
pullup that is active only during RESET to ensure that 
the 80C188 does not enter ONCE Mode inadvertently. 


MCSO 
38 
0 
Mid-Range 
Memory Chip Select signals are active LOW when 
MCS1 
37 
0 
a memory reference 
is made to the defined 
mid-range 
portion 


MCS2 
36 
0 
of memory (8K-512K). 
These lines do not float during bus 


MCS3 
35 
0 
HOLD. The address ranges activating 
MCSO-3 
are software 
programmable. 


PCSO 
25 
0 
Peripheral 
Chip Select signals 0-4 
are active LOW when a 
PCS1 
27 
0 
reference 
is made to the defined 
peripheral 
area (64K 1/0 


PCS2 
J. 
28 
0 
space or 1 Mbyte memory space). These lines do not float 
PCS3 
29 
0 
during bus HOLD. The address ranges activating 
PCSO-4 
are 


PCS4 
30 
0 
software 
programmable. 


PCS5/A1 
31 
0 
Peripheral 
Chip Select 5 or Latched A 1 may be programmed 
to provide a sixth peripheral 
chip select, or to provide an 
internally 
latched A 1 signal. The address 
range activating 
PCS5 is software-programmable. 
PCS51 A 1 does not float 


during bus HOLD. When programmed 
to provide latched A 1, 
this pin will retain the previously 
latched value during HOLD. 


PCS6/A2 
32 
0 
Peripheral 
Chip Select 6 or Latched A2 may be programmed 
to provide a seventh 
peripheral 
chip select, or to provide an 


internally 
latched A2 signal. The address range activating 
PCS6 is software-programmable. 
PCS61 A2 does not float 
during bus HOLD. When programmed 
to provide 
latched A2, 


this pin will retain the previously 
latched value during HOLD. 


DTIR 
40 
0 
Data Transmit/Receive 
controls 
the direction 
of data flow 
through 
an external data bus transceiver. 
When LOW, data is 
transferred 
to the 80C188. When HIGH the 80C188 places 
write data on the data bus. DT IR floats during a bus hold or 
RESET. 


DEN 
39 
0 
Data Enable is provided 
as a data bus transceiver 
output 
enable. DEN is active LOW during ea~h memory and 1/0 
access. 
DEN is HIGH whenever 
DTIR changes 
state. During 
RESET, DEN is driven HIGH for one clock, then floated. 
DEN 
also floats during HOLD. 
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FUNCTIONAL 
DESCRIPTION 


80C188 


Introduction 


The following Functional Description describes the 
base architecture of the 80C188. The 80C188 is a 
very high integration 16-bit microprocessor. It com- 
bines 15-20 of the most common microprocessor 
system components onto one chip. The 80C188 is 
object code compatible with the 8086/8088 
micro- 
processors and adds 10 new instruction types to the 
8086/8088 
instruction set. 


The 80C188 has two major modes of operation, 
Compatible and Enhanced. In Compatible Mode the 
80C188 
is 
completely 
compatible 
with 
NMOS 
80188, with the exception of 8087 support. The En- 
hanced mode adds two new features to the system 
design. These are Power-Save control and Dynamic 
RAM refresh. 


80C188 
BASE ARCHITECTURE 


The 8086, 8088, 80186, and 80188 families all con- 
tain the same basic set of registers, instructions, and 
addressing modes. The 80C188 processor is up- 
ward compatible with the 8086 and 8088 CPUs. 
, 


Register Set 


The 80C188 base architecture has fourteen regis- 
ters as shown in Figures 3a and 3b. These registers 
are grouped into the following categories. 


General 
Registers 


Eight 16-bit general purpose registers may be used 
for 
arithmetic 
and 
logical 
operands. 
Four 
of 


these (AX, BX, CX, and DX) can be used as 16-bit 
registers or spJitinto pairs of separate 8-bit registers. 


Segment 
Registers 


Four 16-bit special purpose registers select, at any 
given time, the segments of memorythat are imme- 
diately addressable for code, stack, and data. (For 
usage, refer to Memory Organization.) 


Base and Index Registers 


Four of the general purpose registers may also be 
used to determine offset addresses of operands in 
memory. These registers may contain base address- 
es or indexes to particular locations within a seg- 
ment. The addressing mode selects the specific reg- 
isters for operand and address calculations. 


Status and Control 
Registers 


Two 16-bit special purpose registers record or alter 
certain aspects of the 80C188 processor state. 
These are the Instruction Pointer Register, which 
contains the offset address of the next sequential 
instruction to be executed, and the Status Word 
Register, which contains status and control flag bits 
(see Figures 3a and 3b). 


Status Word Description 


The Status Word records specific characteristics of 
the result of logical and arithmetic instructions (bits 
0, 2, 4, 6, 7, and 11) and controls the operation of 
the 80C186 within a given operating mode (bits 8, 9, 
and 10). The Status Word Register is 16-bits wide. 
The function of the Status Word bits is shown in 
Table 2. 
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Figure 3a. 80C188 Register Set 
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Figure 3b. Status Word Format 
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Table 2. Status Word Bit Functions 
Instruction 
Set 


Bit 
Name 
Function 
Position 


0 
CF 
Carry Flag-Set 
on high-order 
bit carry or borrow; cleared 
otherwise 


2 
PF 
Parity Flag-Set 
if low-order 
8 
bits of result contain an even 
number of 1-bits; cleared 
otherwise 


4 
AF 
Set on carry from or borrow to 
the low order four bits of AL; 
cleared 
otherwise 


6 
ZF 
Zero Flag-Set 
if result is zero; 
cleared 
otherwise 


7 
SF 
Sign Flag-Set 
equal to high- 
order bit of result (0 if positive, 
1 if negative) 


8 
TF 
Single Step Flag-Once 
set, a 
single step interrupt occurs 
after the next instruction 
executes. 
TF is cleared 
by the 
single step interrupt. 


9 
IF 
Interrupt-enable 
Flag-When 
set, maskable 
interrupts 
will 
cause the CPU to transfer 
control to an interrupt vector 
specified 
location. 


10 
OF 
Direction 
Flag-Causes 
string 
instructions 
to auto decrement 
the appropriate 
index register 
when set. Clearing OF causes 
auto increment. 


11 
OF 
Overflow 
Flag-Set 
if the 


_signed result cannot be 
expressed 
within the number 
of bits in the destination 
operand; 
cleared otherwise 


The instruction 
set is divided 
into seven categories: 


data transfer, 
arithmetic, 
shift/rotate/logical, 
string 


manipulation, 
control 
transfer, 
high-level 
instruc- 


tions, 
and processor 
control. 
These 
categories 
are 


summarized 
in Figure 4. 


An 80C188 instruction 
can reference 
anywhere 
from 


zero to several 
operands. 
An operand 
can reside in 


a register, in the instruction 
itself, or in memory. Spe- 


cific operand 
addressing 
modes 
are discussed 
later 
in this data sheet. 


Memory Organization 


Memory 
is organized 
in sets of segments. 
Each seg- 


ment is a linear contiguous 
sequence 
of up to 64K 


(216) 8-bit bytes. Memory 
is addressed 
using a two- 
component 
address 
(a pointer) that consists 
of a 16- 


bit base 
segment 
and 
a 16-bit 
offset. 
The 
16-bit 


base 
values 
are contained 
in one 
of four 
internal 


segment 
register 
(code, 
data, 
stack, 
extra). 
The 


physical 
address 
is calculated 
by shifting 
the base 


value LEFT by four bits and adding the 16-bit offset 
value to yield a 20-bit physical 
address 
(see Figure 


5). This allows for a 1 MByte physical 
address 
size. 


All 
instructions 
that 
address 
operands 
in memory 


must specify the base segment 
and the 16-bit offset 


value. For speed and compact 
instruction 
encoding, 


the segment 
register 
used for physical 
address 
gen- 


eration 
is implied by the addressing 
mode used (see 


Table 
3). These 
rules follow 
the way programs 
are 


written 
(see Figure 6) as independent 
modules 
that 


require areas for code and data, a stack, and access 
to external 
data areas. 


Special 
segment 
override 
instruction 
prefixes 
allow 


the 
implicit 
segment 
register 
selection 
rules 
to be 


overridden 
for special 
cases. 
The stack, 
data, and 


extra segments 
may coincide 
for simple 
programs. 
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GENERAL 
PURPOSE 
MOVS 
Move byte or word string 


MOV 
Move byte or word 
INS 
• 
Input bytes or word string 


PUSH 
Push word onto stack 


POP 
, 
OUTS 
Output bytes or word string 
Pop word off stack 


PUSHA 
Push all registers 
on stack 
CM PS 
.. 
Compare 
byte or word string 


POPA 
Pop all registers 
from stack 
SCAS 
Scan byte or word string 


XCHG 
Exchange 
byte or word 
LOOS 
Load byte or word string 


XLAT 
Translate 
byte 
STOS 


r 
Store byte or word string 


INPUT IOUTPUT 
REP 
Repeat 


IN 
Input byte or word 
REPE/REPZ 
Repeat 
while equal/zero 


OUT 
Output byte or word 
REPNE/REPNZ 
Repeat while not equal/not 
zero 


ADDRESS 
OBJECT 
LOGICALS 


LEA 
Load effective 
address 
NOT 
"Not" 
byte or word 


LDS 
Load pointer 
using OS 
AND 
"And" 
byte or word 


LES 
Load pointer 
using ES 
OR 
"Inclusive 
or" byte or word 


FLAG TRANSFER 
XOR 
"Exclusive 
or" byte or word 


LAHF 
TEST 
"Test" 
byte or word 
Load AH register from flags 


SAHF 
Store AH register 
in flags 
SHIFTS 


SHLlSAL 
Shift logical/arithmetic 
left byte or word 


PUSHF 
Push flags onto stack 
SHR 
Shift logical right byte or word 


POPF 
Pop flags off stack 
SAR 
Shift arithmetic 
right byte or word 


ADDITION 
ROTATES 


ADD 
Add byte or word 
ROL 
Rotate 
left byte or word 


ADC 
Add byte or word with carry 
ROR 
Rotate 
right byte or word 


INC 
Increment 
byte or word by 1 
RCL 
Rotate through 
carry left byte or word 


AAA 
ASCII adjust for addition 
RCR 
Rotate 
through 
carry right byte or word 


DAA 
Decimal 
adjust for addition 
FLAG OPERATIONS 


SUBTRACTION 
, 


STC 
Set carry flag 


SUB 
Subtract 
byte or word 
CLC 
clear 
carry flag 


SBB 
Subtract 
byte or word with borrow 
CMC 
Complement 
carry flag 


DEC 
Decrement 
byte or word by 1 
STD 
Set direction 
flag 


NEG 
,Negate 
byte or word 
CLD 
Clear direction 
flag 


CMP 
Compare 
byte or word 
STI 
Set interrupt 
enable flag 


AAS 
ASCII adjust for subtraction 
CLI 
Clear interrupt 
enable flag 


DAS 
Decimal 
adjust for subtraction 
EXTERNAL 
SYNCHRONIZATION 


MULTIPLICATION 
HLT 
Halt until interrupt 
or reset 


MUL 
Multiply 
byte or word unsigned 
WAIT 
Wait for TEST pin active 


IMUL 
Integer multiply 
byte or word 
LOCK 
Lock bus during next instruction 


AAM 
ASCII adjust for multiply 
NO OPERATION 


DIVISION 
NOP 
No operation 


DIV 
Divide byte or word unsigned 
HIGH LEVEL INSTRUCTIONS 


IDIV 
Integer divide byte or word 
ENTER 
Format stack for procedure 
entry 


AAD 
ASCII adjust for division 
LEAVE 
Restore 
stack for procedure 
exit 


CBW 
Convert 
byte to word 
BOUND 
Detects 
values outside 
prescribed 
range 


CWD 
Convert 
word to doubleword 


Figure 4. 80C188 Instruction 
Set 
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CONDITIONAL 
TRANSFERS 
JO 
Jump if overflow 


JAlJNBE 
Jump if above/not 
below nor equal 
JP/JPE 
Jump if parity/parity 
even 


JAE/JNB 
Jump if above or equal/not 
below 
JS 
Jump if sign 


JB/JNAE 
Jump if below/not 
above nor equal 
UNCONDITIONAL 
TRANSFERS 


JBE/JNA 
Jump if below or equal/not 
above 
CALL 
Call procedure 


JC 
Jump if carry 
RET 
r 
Return from procedure 


JE/JZ 
Jump if equal/zero 
JMP 
Jump 


JG/JNLE 
Jump if greater/not 
less nor equal 
ITERATION 
CONTROLS 


JGE/JNL 
Jump if greater 
or equal/not 
less 
LOOP 
Loop 


JLlJNGE 
Jump if less/ not greater 
nor equal 
LOOPE/LOOPZ 
Loop if equal/zero 


JLE/JNG 
Jump if less or equal/not 
greater 
LOOPNE/LOOPNZ 
Loop if not equal/not 
zero 


JNC 
Jump if not carry 
. 
JCXZ 
Jump if register 
CX = 0 


JNE/JNZ 
Jump if not equal/not 
zero 
INTERRUPTS 


JNO 
Jump if not overflow 
INT 
Interrupt 


JNP/JPO 
Jump if not parity/parity 
odd 
INTO 
·l. 
Interrupt 
if overflow 


JNS 
Jump if not sign 
IRET 
Interrupt 
return 


Figure 
4. 80C188 
Instruction 
Set (Continued) 


To access 
operands 
that do not reside in one of the 
four 
immediately 
available 
segments. 
a full 
32-bit 
pointer 
can be used to reload 
both the base (seg- 
ment) and offset 
values. 
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Figure 5. Two Component 
Address 


Table 3. Segment 
Register 
Selection 
Rules 


Memory 
Segment 
Implicit 
Segment 
Reference 
Register 
Selection 
Rule 
Needed 
Used 


Instructions 
Code (<;:S) 
Instruction 
prefetch 
and 
immediate 
data. 
Stack 
Stack (SS) 
All stack pushes and 
pops; any memory 
references 
which use BP 
Register as a base 
register. 


External 
Extra (ES) 
All string instruction 
Data 
references 
which use 
(Global) 
the 01 register as an 
index. 


Local Data 
Data (OS) 
All other data references. 
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Figure 6. Segmented 
Memory 
Helps 
Structure 
Software 
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infef 
80C188 


Addressing 
Modes 


The 80C188 provides eight categories of addressing 
modes to specify operands. Two addressing modes 
are provided for instructions that operate on register 
or immediate operands: 


• 
Register 
Operand 
Mode: The operand is located 
in one of the 8- or 16-bit general registers. 


• 
Immediate 
Operand 
Mode: 
The operand is in- 
cluded in the instruction. 


Six modes are provided to specify the location of an 
operand in a memory segment. A memory operand 
address consists of two 16-bit components: a seg- 
ment base and an offset. The segment base is sup- 
plied by a 16-bit segment register either implicitly 
chosen by the addressing mode or explicitly chosen 
by a segment override prefix. The offset, also called 
the effective address, is calculated by summing any 
combination of the following -three address ele- 
ments: 
• the displacement 
(an 8- or 16-bit immediate value 
contained in the instruction); 


• the base (contents of either the BX or BP base 
registers); and 


• the index (contents of either the SI or 01 index 
registers). 


Any carry out from the 16-bit addition is ignored. 
Eight-bit displacements are sign extended to 16-bit 
values. 


Combinations of these three address elements de- 
fine the six memory addressing modes, described 
below. 


• 
Direct Mode: The operand's offset is contained in 
the instruction as an 8- or 16-bit displacement el- 
ement. 


• 
Register 
Indirect Mode: The operand's offset is in 
one of the registers SI, 01, BX, or BP. 


• 
Based Mode: The operand's offset is the sum of 
an 8- or 16-bit displacement and the contents of 
a base register (BX or BP). 


• 
Indexed 
Mode: The operand's offset is the sum 
of an 8- or 16-bit displacement and the contents 
of an index register (SI or 01). 


• 
Based Indexed Mode: The operand's offset is the 
sum of the contents of a base register and an 
Index register. 


• 
Based indexed 
Mode with Displacement: 
The op- 
erand's offset is the sum of a base register's con- 
tents, an index register's contents, and an 8- or 
16-bit displacement. 


Data Types 


The 80C188 directly supports the following data 
types: 


• 
Integer: A signed binary numeric value contained 
in an 8-bit byte or a 16-bit word. All operations 
assume a 2's complement representation. 


• 
Ordinal: 
An unsigned binary numeric value con- 
tained in an 8-bit byte or a 16-bit word. 


• 
Pointer: A 16- or 32-bit quantity, composed of a 
16-bit offset component or a 16-bit segment base 
component in addition to a 16-bit offset compo- 
nent. 


• 
String: A contiguous sequence of bytes or words. 
A string may contain from 1 to 64K bytes. 


• ASGII: A byte representation of alphanumeric and 
control characters using the ASCII standard of 
character representation. 


• 
BGD: A byte (unpacked) representation of the 
decimal digits 0-9. 


• 
Packed 
BGD: A byte (packed) representation of 
two decimal digits (0-9). One digit is stored in 
each nibble (4-bits) of the byte. 


In general, individual data elements must fit within 
defined segment limits. Figure 7 graphically repre- 
sents the data types supported by the 80C188. 


1/0 Space 


The I/O space consists of 64K 8-bit or 32K 16-bit 
ports. Separate instructions address the I/O space 
with either an 8-bit port address, specified in the in- 
struction, or a 16-.bitport address in the OX register. 
8-bit port addresses are zero extended such that 
A15-Aa 
are LOW. I/O 
port addresses 00F8{H) 
through OOFF{H)are reserved. 


Interrupts 


An interrupt transfers execution to a new program 
location. The old program address (CS:IP) and ma- 
chine state (Status Word) are saved on the stack to 
allow resumption of the interrupted program. Inter- 
rupts fall into three classes: hardware initiated, INT 
instructions, and instruction exceptions. Hardware 
initiated interrupts occur in response to an external 
input and are classified as non-maskable or maska- 
ble. 


Programs may cause an interrupt with an INT in- 
struction. Instruction exceptions occur when an un- 
usual condition, which prevents further instruction 
processing, is detected while attempting to execute 
an instruction. If the exception was caused by at- 
tempted execution of an ESC instruction, the return 
instruction will point to the ESC instruction, or to the 
segment 
override 
prefix 
immediately 
preceding 
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Figure 7. 80C188 Supported 
Data Types 


rson-rnasxaotenaroware Interrupts use a preoenneo 
internally supplied vector. 


Interrupt Sources 


The 80C188 can service interrupts generated by 
software or hardware. The software interrupts are 
generated by specific instructions (INT, ESC, unused 
OP, etc.) or the results of conditions specified by . 
instructions (array bounds check, INTO, OIV, 101V, 
etc.). All interrupt sources are serviced by an indirect 
call through an element of a vector table. This vector 
table is indexed by using the interrupt vector type 
(Table 4), multiplied by four. All hardware-generated 
interrupts are sampled at the end of each instruc- 
tion. Thus, the software interrupts will begin service 
first. Once the service routine is entered and inter- 
rupts are enabled, any hardware source of sufficient 
priority can interrupt the service routine in progress. 


Those pre-defined 80C188 interrupts which cannot 
be masked by programming are described below. 


DIVIDE 
ERROR 
EXCEPTION 
(TYPE 
0) 


Generated when a OIV or 10lV instruction quotient 
cannot be expressed in the number of bits in the 
destination. 


SINGLE-STEP 
INTERRUPT 
(TYPE 
1) 


Generated after most instructions if the TF flag in 
the status word is set. This interrupt allows programs 
to execute one instruction at a time. Interrupts will 
not be generated after prefix instructions (e.g., REP), 
instructions which modify segment registers (e.g., 
POP OS), or the WAIT instruction. Vectoring to the 
single-step interrupt service routine clears the TF bit. 
An IRET instruction in the interrupt service routine 
restores the TF bit to logic "1" and transfers control 
to the next instruction to be single-stepped. 


1-291 


80C188 


NON-MASKABLE 
INTERRUPT -NMI 
(TYPE 
2) 
cleared 
at the beginning 
of an NMI interrupt 
to pre- 


vent maskable 
interrupts 
from being serviced. 
A typi- 
cal use of NMI would 
be to activate 
a power failure 
routine. 


An external 
interrupt 
source 
which 
is serviced 
re- 
gardless 
of the state 
of the 
IF bit. No external 
ac- 
knowledge 
sequence 
is performed. 
The 
IF bit 
is 


Interrupt 
Vector 
Vector 
Default 
Related 
Applicable 
Name 
Type 
Address 
Priority 
Instructions 
Notes 


Divide Error 
0 
OOH 
1 
DIV,IDIV 
1 
Exception 


Single Step 
1 
04H 
1A 
All 
2 
Interrupt 


Non-Maskable 
2 
08H 
1 
All 
Interrupt 
(NMI) 
. 


Breakpoint 
3 
OCH 
1 
INT 
1 
Interrupt 


INTO Detected 
4 
10H 
1 
INTO 
1 
Overflow 
Exception 


Array Bounds 
5 
14H 
1 
BOUND 
1 
Exception 


Unused-Opcode 
6 
18H 
1 
Undefined 
1 
Exception 
Opcodes 


ESCOpcode 
7 
1CH 
1 
ESCOpcodes 
1,3 
Exception 


Timer 0 Interrupt 
8 
20H 
2A 
4,5 


Timer 1 Interrupt 
18 
48H 
2B 
4,5 


Timer 2 Interrupt 
19 
4CH 
2C 
4,5 


Reserved 
9 
24H 
3 


DMA 0 Interrupt 
10 
28H 
5 
5 


DMA 1 Interrupt 
11 
2CH 
5 
5 


INTO Interrupt 
12 
30H 
6 


INT1 Interrupt 
13 
34H 
7 


INT2 Interrupt 
14 
38H 
8 


INT3 Interrupt 
15 
3CH 
9 


Reserved 
16,17 
40H,44H 


Reserved 
20-31 
50H ... 
7CH 


Table 
4. 80C188 
Interrupt 
Vectors 


NOTES: 
Default 
priorities 
for the interrupt 
sources 
are used only if the user does not program 
each source 
to a unique 
priority 
level. 


1. Generated 
as a result of an instruction 
execution. 


2. Performed 
in same 
manner 
as 8088. 


3. An ESC opcode 
will cause a trap regardless 
of the 80C188 
operating 
mode. The 80C188 
is not 
directly 
compatible 
with the 80188 
in this respect. 
The instruction 
set of a numerics 
coprocessor 
cannot be executed. 
4. All three timers 
constitute 
one source 
of request 
to the interrupt 
controller. 
As such, they share 
the same priority 
level with respect 
to other 
interrupt 
sources. 
However, 
the timers 
have a defined 
priority 
order among 
themselves 
(2A > 28 > 2C). 


5. The vector 
type numbers 
for these 
sources 
are programmable 
in Slave 
Mode. 
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BREAKPOINT 
INTERRUPT 
(TYPE 
3) 


80C188 


A one-byte version of the INT instruction. It uses 12 
as an index into the service routine address table 
(because it is a type 3 interrupt). 


INTO DETECTED 
OVERFLOW 
EXCEPTION 
(TYPE 
4) 
. 


Generated during an INTO instruction if the OFbit is 
set. 


ARRAY 
BOUNDS 
EXCEPTION 
(TYPE 
5) 


Generated during a BOUND instruction if the array 
index is outside the array bounds. The array bounds 
are located in memory at a location indicated by one 
of the instruction operands. The other operand indi- 
cates the value of the index to be checked. 


UNUSED 
OPCODE 
EXCEPTION 
(TYPE 6) 


Generated if execution is attempted on undefined 
opcodes. 


ESCAPE 
OPCODE 
EXCEPTION 
(TYPE 
7) 


Generated if execution is attempted of ESCopcodes 
(D8H-DFH). The 80C188 does not check an escape 
opcode 
trap bit as does the 80C186. On the 
80C188, ESC traps occcur in both compatible and 
enhanced operating modes. The return address of 


this exception will point to the ESC instruction caus- 
ing the exception. If a segment override prefix pre- 
ceded the ESC instruction, the return address will 
point to the segment override prefix. 


NOTE: 
Unlike the 80188, all numerics coprocessor op- 
codes cause a trap. The 80C188 does not support 
the numerics interface. 


Hardware-generated interrupts are divided into two 
groups: maskable interrupts and non-maskable in- 
terrupts. The 80C188 provides maskable hardware •• 
interrupt request pins INTO-INT3. In addition, mask- 
able interrupts may be generated by the 80C188 in- 
tegrated DMA controller and the integrated timer 
unit. The vector types for these interrupts is shown 
in Table 4. Software enables these inputs by setting 
the interrupt flag bit (IF) in the Status Word. The in- 
terrupt controller is discussed in the peripheral sec- 
tion of this data sheet. 


Further maskable interrupts are disabled while serv- 
icing an interrupt because the IF bit is reset as part 
of the response to an interrupt or exception. The 
saved Status Word will reflect the enable status of 
the processor prior to the interrupt. The interrupt flag 
will remain zero unless specifically set. The interrupt 
return instruction restores the Status Word, thereby 
restoring the original status of IF bit. If the interrupt 
return re-enables interrupts, and another interrupt is 
pending, the 80C188 will immediately service the 
highest-priority interrupt pending, i.e., no instructions 
of the main line program will be executed. 
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Initialization 
and Processor 
Reset 


80C188 


Processor initialization is accomplished by driving 
the RES input pin LOW. RES must be LOW during 
power-up to ensure proper device initialization. RES 
forces the 80C188 to terminate all execution and 
local bus activity. No instruction or bus activity will 
occur as long as RES is active. After RES becomes 
inactive and an internal processing interval elapses, 
the 80C188 begins execution with the instruction at 
physical location FFFFO(H). RES also sets some 
registers to predefined values as shown in Table 5. 


Table 5. 80C188 
Initial Register 
State after RESET 


Status Word 
FOO2(H) 
Instruction Pointer 
OOOO(H) 
Code Segment 
FFFF(H) 
Data Segment 
OOOO(H) 
" 


Ex1raSegment 
OOOO(H) 
Stack Segment 
OOOO(H) 
Relocation Register 
20FF(H) 
UMCS 
FFFB(H) 


THE 80C188 
COMPARED 
TO THE 
80C186 


The 80C188 is an 8-bit processor designed based 
on the 80C186 internal structure. Most internal func- 
tions of the 80C188 are identical to the equivalent 
80C186 functions. The 80C188 handles the external 
bus the same way the 80C186 does with the distinc- 
tion of handling only 8 bits at a time. Six1een-bitop- 
erands are fetched or written in two consecutive bus 
cycles. The processors. will look the same to the 
software engineer, with the exception of execution 
time. The internal register structure is identical and 
all instructions except numerics instructions have 
the same end result. Internally, there are four differ- 
ences between the 80C188 and the 80C186. All 
Changesare related to the 8-bit bus interface. 
• The queue length is 4 bytes in the 80C188, 
whereas the 80C186 queue contains 6 bytes, or 
three words. The queue was shortened to pre- 
vent overuse of the bus by the BIU when pre- 
fetching instructions. This was required because 
of the additional time necessary to fetch instruc- 
tions 8 bits at a time. 


• To further optimize the queue, the prefetching al- 


gorithm was changed. The 80C188 BIU will fetch 
a new instruction to load into the queue each 
time there is a 1-byte hole (space available) in the 
queue. The 80C186 waits until a 2-byte space is 
available. 


• The internal execution time of an instruction is 
affected by the 8-bit interface. All 16-bit fetches 
and writes from/to 
memory take an additional 
four clock cycles. The CPU may also be limited 
by the rate of instruction fetches when a series of 
simple operations occur. When the more sophisti- 
cated instructions of the 80C188 are being used, 
the queue has more time to fill and the execution 
proceeds more closely to the speed at which the 
execution unit will allow. 


• The 80C188 does not have a numerics interface, 
since the 80C186 numerics interface inherently 
requires 16-bit communication with the numerics 
coprocessor. 


The 80C188 and 80C186 are completely software 
compatible (except for numerics instructions) by vir- 
tue of their identical execution units. However, soft- 
ware that is system dependent may not be com- 
pletely transferable. 


The bus interface and associated control signals 
vary somewhat between the two processors. The 
pin assignments are nearly identical, with the follow- 
ing functional changes: 
• A8-A15-These 
pins are only address outputs 
on the 80C188. These address lines are latched 
internally and remain valid throughout the bus cy- 
cle. 
• BHE has no meaning on the 80C188. However, it 
was necessary to designate this pin the RFSH pin 
in order to provide an indication of DRAM refresh 
bus cycles. 


80C188 
CLOCK GENERATOR 


The 80C188 provides an on-chip clock generator for 
both internal and external clock generation. The 
clock generator features a crystal oscillator, a divide- 
by-two counter, synchronous and asynchronous 
ready inputs, and reset circuitry. 
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Oscillator 


80C188 


The 80C188 
oscillator 
circuit is designed 
to be used 
either with a parallel 
resonant 
fundamental 
or third- 
overtone 
mode crystal, depending 
upon the frequen- 
cy range 
of the application 
as shown 
in Figure 8c. 


This is used as the time base for the 80C188. 
The 
crystal 
frequency 
chosen 
should 
be twice 
the 
re- 
quired processor 
frequency. 
Use of an lC or RC cir- 
cuit is not recommended. 


The output 
of the oscillator 
is not directly 
available 
outside 
the 80C188. 
The two recommended 
crystal 
configurations 
are 
shown 
in 
Figures 
8a 
and 
8b. 
When 
used 
in third-overtone 
mode 
the tank circuit 
shown in Figure 8b is recommended 
for stable oper- 
ation. The sum of the stray capacitances 
and load- 
ing capacitors 
should 
equal the values 
shown. 
It is 
advisable 
to limit stray capacitance 
between 
the X1 
and X2 pins to less than 10 pF. While a fundamen- 
tal-mode 
circuit 
will require 
approximately 
1 ms for 
start-up, the third-overtone 
arrangement 
may require 
1 ms to 3 ms to stabilize. 


Alternately, 
the oscillator 
may be driven from an ex- 
ternal source 
as shown 
in Figure 8d. The configura- 
tion shown 
in Figure 8e is not recommended. 


Intel recommends 
the following 
values for crystal se- 
lection 
parameters: 


Temperature 
Range: 


ESR (Equivalent 
Series Resistance): 
Co (Shunt Capacitance 
of Crystal): 
Cl (load 
Capacitance): 
Drive level: 


o to 70·C 
40n 
max 
7.0 pF max 
20 pF ± 2 pF 
1 mWmax 


Clock Generator 


The 80C188 
clock generator 
provides 
the 50% duty 
cycle processor 
clock for the 80C188. 
It does this by 


dividing 
the oscillator 
output 
by 2 forming 
the sym- 
metrical 
clock. 
If an external 
oscillator 
is used, the 
state of the clock 
generator 
will change 
on the fail- 
ing edge 
of the oscillator 
signal. 
The ClKOUT 
pin 
provides 
the processor 
clock 
signal for use outside 
the 80C188. This may be used to drive other system 
components. 
All timings are referenced 
to the output 
clock. 


READY SynChronization 


The 80C188 
provides 
both synchronous 
and asyn- 
• 
chronous 
ready 
inputs. 
Asynchronous 
ready 
syn- 
chronization 
is accomplished 
by circuitry 
which sam- 
ples ARDY 
in the middle of T2, T3 ancl again in the 
middle 
of each 
Tw until 
ARDY 
is sampled 
HIGH. 
One-half 
ClKOUT 
cycle 
of resolution 
time 
is used 
for full synchronization 
of a rising ARDY 
signal. 
A 
high-to-Iow 
transition 
on ARDY 
may be used as an 
indication 
of the not ready condition 
but it must be 
performed 
synChronously 
to ClKOUT 
either 
in the 
middle of T2, T3 or Tw, or at the falling ledge of T3 or 
Tw· 


A second 
ready 
input 
(SRDY) 
is provided 
to inter- 
face with externally 
synchronized 
ready signals. This 
input is sampled 
at the end of T2, T3 and again 
at 
the 
end 
of each 
Tw until 
it is sampled 
HIGH. 
By 
using this input rather than the asynchronous 
ready 
input, the half-clock 
cycle 
resolution 
time penalty 
is 
eliminated. 
This input 
must satisfy 
set-up 
and hold 
times to guarantee 
proper operation 
of the circuit. 


In addition, 
the 80C188, 
as part 
of the 
integrated 
chip-select 
logic, has the capability 
to program 
WAIT 
states for memory 
and peripheral 
blocks. This is dis- 
cussed 
in the Chip Select/Ready 
logic 
description. 
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Third-Overtone 
----'-I 
Fundamental------j 
I 
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Recommended 
Crystal 
Mode 


Desired CPU Frequency 
10MHz 
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(Bc) 
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N.C. X2 
(8d) 
. 80C188 


-:F X1 


I External 
Clock Source >-- X2 


80C188 


(Be) 
(DO NOT USE) 


Figure 8. 80C188 Oscillator 
Configurations 
(see text) 
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16MHz 


270432-12 


270432-14 


270432-11 


The 80C188 provides a local bus controller to gener- 
ate the local bus control signals. In addition, it em- 
ploys a HOLD/HLDA protocol for relinquishing the 
local bus to other bus masters. It also provides out- 
puts that can be used to enable external buffers and 
to direct the flow of data on and off the local bus. 


Memory IPeripheral 
Control 


The 80C188 ~vides 
ALE, RD, and WR bus control 
signals. The RD and WR signals are used to strobe 
data from memory or 1/0 to the 80C188 or to strobe 
data from the 80C188 to memory or 110. The ALE 
line provides a strobe to latch the address when it is 
valid. The 80C188 local bus controller does not pro- 
vide a memorylllO 
signal. If this is required, use the 
52 signal (which will require external latching), make 
the memory and 1/0 spaces nonoverlapping, or use 
only the integrated chip-select circuitry. 


Transceiver 
Control 


The 80C188 generates two control signals for elder- 
nal transceiver chips. This capability allows the addi- 
tion of transceivers for extra buffering without adding 
external logic. These control lines, DTIR and DEN, 
are generated to control the flow of data through the 
transceivers. The operation of these signals is 
shown in Table 6. 


WIlIlt:Ia LVVV level ouects 
data toward the 
processor during a read 
operation. 


Local Bus Arbitration 


The 80C188 uses a HOLD/HLDA system of local 
bus exchange. This provides an asynchronous bus 
exchange mechanism. This means multiple masters 
utilizing the same bus can operate at separate clock 
frequencies. The 80C188 provides a single HOLDI 
HLDA pair through which all other bus masters may 
gain control of the local bus. External circuitry must 
arbitrate which external device will gain control of 
the bus when there is more than one alternate local 
bus master. When the 80C188 relinquishes control 
of the local bus, it floats DEN, RD, WR, SO~2, 
LOCK, ADO-AD7, A8-A19, 57/RFSH, and DT/R to 
allow another master to drive these lines directly. 


The 80C188 HOLD latency time, Le., the time be- 
tween HOLD request and HOLD acknowledge, is a 
function of the activity occurring in the processor 
when the HOLD request is received. A HOLD re- 
quest is second only to DRAM refresh requests in 
priority of activity requests the processor may re- 
ceive. Any bus cycle in progress will be completed 
before the 80C188 relinquishes the bus. This implies 
that if a HOLD request is received just as a DMA 
transfer begins, the HOLD latency can be as great 
as 4 bus cycles. This will occur if a DMA word trans- 
fer operation is taking place from an odd address to 
an odd address. This is a total of 16 clock cycles or 
more if WAIT states are required. In addition, if 
locked transfers are performed, the HOLD latency 
time will be increased by the length of the locked 
transfer. 


If the 80C188 has relinquished the bus and a refresh 
request is pending, HLDA is removed (driven LOW) 
to signal the remote processor that the 80C188 
wishes to regain control of the bus. The 80C188 will 
wait until HOLD is removed before taking control of 
the bus to run the refresh cycle. 
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Local Bus Controller 
and Reset 


80C188 


During RESET, the local bus controller will perform 
the following action: 


• Drive DEN, RD, and WR HIGH for one clock cy- 
cle, then float them. 


• Drive SO-82 to the inactive state (all HIGH) and 
then float. 


• Drive LOCK HIGH and then float. 
• Float ADO-AD7, A8-A19, S7/RFSH, DT/R. 
• Drive ALE LOW. 


• Drive HLDA LOW. 


RD/OSMD, UCS, LCS, and TEST pins have internal 
pullup devices which are active while RES is applied. 
Excessive loading or grounding certain of these pins 
'causes the 80C188 to enter an alternative mode of 
operation: 
. 


• RD/QSMD LOW results in Queue Status Mode. 
• UCS and LCS LOW results in ONCE Mode. 
• TEST LOW (and HIGH later) results in Enhanced 
Mode. 


INTERNAL 
PERIPHERAL 
INTERFACE 


All the 80C188 integrated peripherals are controlled 
by 
16-bit registers contained within an internal 
256-byte control block. The control block may be 
mapped into either memory or 110 space. Internal 
logic will recognize control block addresses and re- 
spond to bus cycles. During bus cycles to internal 
registers, the bus controller will signal the operation 
externally (i.e., the RD, WR, status, address, data, 
etc., lines will be driven as in a normal bus cycle), 
but 015-0, SRDY, and ARDY will be ignored. The 
base address of the control block must be on an 
even 256-byte boundary (i.e., the lower 8 bits of the 
base address are all zeros). All of the defined regis- 
ters within this control block may be read or written 
by the 80C188 CPU at any time. 


The control block base address is programmed by a 
16-bit relocation register contained within the control 
block at offset FEH from the base address of the 
control block (see Figure 9). It provides the upper 12 
bits of the base address of the control block. The 
control block is effectively an internal chip select 
range and must abide by all the rules concerning 
chip selects (the chip select circuitry is discussed 
later in this data sheet). Any access to the 256 bytes 
of the control block activates an internal chip select. 


Other chip selects may overlap the control block 
only if they are programmed to zero wait states and 
ignore external ready. In addition, bit 12 of this regis- 
ter determines whether the control block will be 
mapped into 1/0 or memory space. If this bit is 1, the 
control block will be located in memory space. If the 
bit is 0, the control block will be located in 110 
space. If the control register block is mapped into 
1/0 space, the upper 4 bits of the base address 
must be programmed as 0 (since 1/0 addresses are 
only 16 bits wide). 


In addition to providing relocation information for the 
control block, the relocation register contains bits 
which place the interrupt controller into Slave Mode. 
At RESET, the relocation register is set to 20FFH, 
which maps the control block to start at FFOOHin 
1/0 space. An offset map of the 256-byte control 
register block is shown in Figure 10. 


CHIP-SELECT IREADY 
GENERATION 
LOGIC 


The 80C188 contains logic which provides program- 
mable chip-select generation for both memories and 
peripherals. In addition, it can be programmed to 
provide READY (or WAIT state) generation. It can 
also provide latched address bits A1 and A2. The 
chip-select lines are active for all memory and 1/0 
cycles in their programmed areas, whether they be 
generated by the CPU or by the integrated DMA unit. 


Memory Chip Selects 


The 80C188 provides 6 memory chip select outputs 
for 3 address areas; upper memory, lower memory, 
and midrange memory. One each is provided for up- 
per memory and lower memory, while four are pro- 
vided for midrange memory. 


The range for each chip select is user-programma- 
ble and can be set to 2K, 4K, 8K, 16K, 32K, 64K, 
128K (plus 1K and 256K for upper and lower chip 
selects). In addition, the beginning or base address 
of the midrange memory chip select may also be 
selected. Only one chip select may be programmed 
to be active for any memory location at a time. All 
chip select sizes are in bytes. 
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~1~5~~~14~~~1~3~~12~~1~1 
__ ~10~_9~~8~~7 
__ ~6~~5~~4~~3 
__ ~2~_1 
0 
OFFSET: 
FEH I 
X 
ISLAVE/fu'fERl 
X 
IM/loI 
Relocation Address Bits R19-R8 
~ 
MIIO - S~ister 
block located in Memory / I/O Space (1/0) 
SLAVE/ 
A TER = ConflQuresinterrupt controller for Slave/Master Mode (1/0) 


Relocation Register 


DMA Descriptors Channel 1 


DMA Descriptors Channel 0 


Chip-Select Control Registers 


Time 2 Control Registers 


TIme 1 Control Registers 


TIme 0 Control Registers 


Interrupt Controller Registers 


OFFSET 


Figure 
9. Relocation 
Register 


FEH 


DAH 


DOH 


CAH 


COH 


A8H 


AOH 


66H 


60H 


5EH 


58H 


56H 


50H 


3EH 


20H 


Figure 
10. Internal 
Register 
Map 


Upper Memory CS 


The 80C188 
provides 
a chip select, 
called 
UCS, for 
the top 
of memory. 
The 
top of memory 
is usually 
used as the system 
memory 
because 
after reset the 
80C188 
begins 
executing 
at 
memory 
location 
FFFFOH. 


The upper limit of memory defined by this chip select 
is always 
FFFFFH, 
while the lower limit is program- 
mable. 
By programming 
the lower 
limit, the size of 
the select 
block 
is also defined. 
Table 7 shows 
the 


relationship 
between 
the base address 
selected 
and 
the size of the memory 
block obtained. 


Table 7. UMCS Programming 
Values 


Starting 
Memory 
UMCSValue 
Address 
{Base 
Block 
(Assuming 


Address) 
Size 
RO=R1 
=R2=0) 


FFCOO 
1K 
FFF8H 
FF800 
2K 
FFB8H 
FFOOO 
4K 
FF38H 
FEOOO 
8K 
FE38H 
FCOOO 
16K 
FC38H 
F8000 
32K 
F838H 
FOOOO 
64K 
F038H 
EOOOO 
128K 
E038H 
COOOO 
256K 
C038H 


The lower limit of this memory block is defined 
in the' 


UMCS 
register 
(see 
Figure 
11). This 
register 
is at 
offset 
AOH in the internal 
control 
block. 
The 
legal 
values 
for bits 6-13 
and the resulting 
starting 
ad- 
dress and memory 
block sizes are given in Table 7. 


Any combination 
of bits 6-13 
not shown 
in Table 7 
will 
result 
in undefined 
operation. 
After 
reset, 
the 
UMCS register 
is programmed 
for a 1K area. It must 
be reprogrammed 
if a larger 
upper 
memory 
area is 
desired. 


The internal 
generation 
of any 20-bit address 
whose 
upper 16 bits are equal to or greater than the UMCS 
value (with bits 0-5 
as "0") 
asserts 
UCS. UMCS bits 
R2-RO 
specify the ready mode for the area of mem- 
ory defined 
by the chip select 
register, 
as explained 
later. 


Lower Memory CS 


The 80C188 
provides 
a chip select 
for low memory 
called 
LCS. The bottom 
of memory 
contains 
the in- 
terrupt 
vector 
table, starting 
at location 
OOOOOH. 
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The lower limit of memory defined 
by this chip select 
is always OH, while the upper limit is programmable. 
8y 
programming 
the 
upper 
limit, 
the 
size 
of 
the 
memory block is defined. Table 8 shows the relation- 
ship between 
the 
upper 
address 
selected 
and the 
size of the memory 
block obtained. 


Table 
8. LMCS Programming 
Values 


Upper 
Memory 
LMCSValue 


Address 
Block 
(Assuming 
Size 
RO=R1 
=R2=O) 


003FFH 
1K 
0038H 
007FFH 
2K 
0078H 
OOFFFH 
4K 
00F8H 
01FFFH 
8K 
01F8H 
03FFFH 
16K 
03F8H 
07FFFH 
32K 
07F8H 
OFFFFH 
64K 
OFF8H 
lFFFFH 
128K 
lFF8H 
3FFFFH 
256K 
3FF8H 


The upper limit of this memory block is defined 
in the 
LMCS register 
(see Figure 
12) at offset 
A2H in the 
internal 
control 
block. The legal values for bits 6-15 
and the resulting 
upper address 
and memory 
block 
sizes are given in Table 
8. Any combination 
of bits 
6-15 
not shown 
in Table 
8 will result 
in undefined 
operation. 
After 
RESET, the LMCS register 
value is 
undefined. 
However, 
the [Cg chip-select 
line will not 
become 
active 
until the LMCS register 
is accessed. 


Any internally 
generated 
20-bit 
address 
whose 
up- 
per 16 bits are less than or equal to LMCS (with bits 
0-5 
"1") 
will assert [Cg. LMCS register 
bits R2-RO 
specify 
the 
READY 
mode 
for the area of memory 
defined 
by this chip-select 
register. 


Mid-Range Memory CS 


The 80C188 
provides 
four MCS lines which 
are ac- 
tive 
within 
a 
user-locatable 
memory 
block. 
This 
block 
can 
be located 
within 
the 
80C188 
1M byte 
memory 
address 
space 
exclusive 
of the areas 
de- 


fined 
by 
UCS 
and 
[Cg. 
80th 
the 
base 
ad- 


dress and size of this memory 
block are programma- 


ble. 


The size of the memory 
block 
defined 
by the mid- 
range 
select 
lines, 
as shown 
in Table 
9, is deter- 
mined by bits 8-14 
of the MPCS register (see Figure 
13). This register 
is at location 
A8H in the internal 
control 
block. 
One and only one of bits 8-14 
must 
be set at a time. Unpredictable 
operation 
of the MCS 
lines will otherwise 
occur. 
Each of the four chip-se- 


lect lines is active for one of the four equal contigu- 
ous 
divisions 
of the 
mid-range 
block. 
If the 
total 
block size is 32K, each chip select is active for 8K of 
memory 
with MCSO being active 
for the first range 
and MCS3 being active for the last range. 


The EX and MS in MPCS relate to peripheral 
func- 


tionality 
as described 
in a later section. 


Table 
9. MPCS Programming 
Values 


Total 
Block 
Individual 
MPCSBits 


Size 
Select 
Size 
14-8 


8K 
2K 
00000018 


16K 
4K 
00000108 


32K 
8K 
00001008 


64K 
16K 
00010008 


128K 
32K 
00100008 


256K 
64K 
01000008 


512K 
128K 
10000008 


The base address 
of the mid-range 
memory 
block is 
defined 
by bits 15-9 
of the MMCS register 
(see Fig- 
ure 14). This register 
is at offset 
A6H in the internal 


control 
block. 
These 
bits 
correspond 
to 
bits 


A19-A13 
of 
the 
20-bit 
memory 
address. 
8its 
A12-AO 
of the base address are always O.The base 
address 
may be set at any integer 
multiple 
of the 


size of the total 
memory 
block selected. 
For exam- 
ple, if the mid-range 
block size is 32K (or the size of 
the block 
for which 
each 
MCS line is active 
is 8K), 


the block 
could 
be located 
at 10000H 
or 18000H, 


but not at 14000H, 
since the first few integer 
multi- 
ples 
of 
a 
32K 
memory 
block 
are 
OH, 
8000H, 
10000H, 
18000H, 
etc. After RESET, the contents 
of 
both registers 
are undefined. 
However, 
none of the 
MCS lines will be active 
until both the 
MMCS 
and 
MPCS registers 
are accessed. 


15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


OFFSET: 
AOHI 
1 I 
1 
U I u I u 
u I u 
u 
u I u I 
1 I 
1 I 
1 I R2 I R1 I RO I 


A19 
A10 


Figure 
11. UMCS Register 


15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 
OFFSET, 
A2H/ 
0 I 
0 
u 
u I u 
u I u 
u 
u I u I 
1 
1 
1 I R2 I R1 I RO I 


A19 
A10 


Figure 
12. LMCS Register 


1-300 


inter 
80C188 


15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


OFFSET: 
A8H I 
1 I M6 I M5 I M4 I M3 I M2 I M1 I MO I EX I MS I 
1 
1 
1 I R2 I R1 I RO I 


Figure 13. MPCS Register 


15 
9 
3 
0 


OFFSET: 
A6H I u I u I u I u I u I u I u I 
1 I 
1 
M9 
M3 


1 I 
1 I 
1 
1 I R2 I R1 I RO I 


Figure 14. MMCS Register 


MMCS bits R2-RO 
specify 
READY 
mode of opera- 
tion for all four mid-range 
chip Selects. 


The 512K block size for the mid-range 
memory 
chip 
selects 
is a special 
case. 
When 
using 
512K, 
the 
base address 
would 
have to be at either 
locations 
OOOOOHor 80000H. 
If it were to be programmed 
at 
OOOOOHwhen the LCS line was programmed, 
there 
would be an internal 
conflict 
between 
the LCS ready 
generation 
logic and the MCS ready generation 
log- 
ic. Likewise, 
if the base address 
were programmed 
at 80000H, 
there 
would 
be a conflict 
with the UCS 
ready 
generation 
logic. 
Since 
the 
LCS chip-select 
line does not become 
active until programmed, 
while 
the UCS line is active at reset, the memory base can 
be set only at OOOOOH.If this base address 
is select- 
ed, 
however, 
the 
LCS 
range 
must 
not 
be 
pro- 
grammed. 


Peripheral Chip Selects 


The 80C188 can generate 
chip selects for up to sev- 
en peripheral 
devices. 
These chip selects 
are active 
for seven 
contiguous 
blocks 
of 128 bytes above 
a 
programmable 
base 
address. 
The 
base 
address 
may be located 
in either memory 
or 1/0 space. 


Seven CS lines called PCSO-6 
are generated 
by tile 
80C188. 
The 
base 
address 
is user-programmable; 
however 
it can only be a multiple 
of 1K bytes, 
i.e., 


the least significant 
10 bits of the starting 
address 
are always O. 


PCS5 and PCS6 can also be programmed 
to provide 
latched 
address 
bits A 1 and A2. If so programmed, 


they 
cannot 
be used 
as peripheral 
selects. 
These 
outputs 
can be connected 
directly 
to the AO and A 1 
pins used for selecting 
internal 
registers 
of 8-bit pe- 


ripheral 
chips. 
. 


The 
starting 
address 
of the 
peripheral 
chip-select 
block 
is defined 
by the 
PACS register 
(see 
Figure 
15). The register is located at offset A4H in the inter- 
nal control 
block. 
Bits 
15-6 
of this register 
corre- 


spond 
to 
bits 
19-10 
of the 
20-bit 
Programmable 
Base 
Address 
(PBA) 
of the 
peripheral 
Chip-select 
block. Bits 9-0 
of the PBA of the peripheral 
Chip-se- 


lect block 
are all zeros. 
If the chip-select 
block 
is 


located 
in 
1/0 
space, 
bits 
12,...15 must 
be 
pro- 


grammed 
zero, since the 1/0 address 
is only 16 bits 
wide. 
Table 
10 shows 
the 
address 
range 
of each 
peripheral 
chip select 
with respect 
to the PBA con- 


tained 
in PACS register. 


15 
6 
5 
3 
0 


OFFSET: 
A4H I u I u I u I u I u I u I u I u I u I u I 
1 I 
1 
1 I R2 I R1 
RO I 


A19 
A10 


Figure 15. PACS Register 
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Table 
12. READY 
Bits Programming 
The user should program 
bits 15-6 
to correspond 
to 
the desired 
peripheral 
base location. 
PACS bits 0-2 
are used to specify 
READY 
mode for PCSO-PCS3. 


Table 
10 PCS Address 
Ranges 


PCSLlne 
Active 
between 
Locations 


PCSO 
PBA 
-PBA+127 
PCS1 
PBA + 128-PBA 
+ 255 
PCS2 
PBA + 256-PBA 
+ 383 
PCS3 
PBA + 384-PBA 
+ 511 


PCS4 
PBA + 512-PBA 
+ 639 
PCS5 
PBA + 640-PBA 
+ 767 
PCS6 
PBA + 768-PBA 
+ 895 


The mode of operation 
of the peripheral 
chip selects 


is defined 
by the MPCS register 
(which is also used 


to set the size of the mid-range 
memory 
chip-select 
block, see Figure 13). The register 
is located 
at off- 
set A8H in the internal 
control 
block. Bit 7 is used to 
select the function 
of PCS5 and PCS6, while bit 6 is 
used to select 
whether 
the peripheral 
chip 
selects 
are 
mapped 
into 
memory 
or I/O 
space. 
Table 
11 
describes 
the 
programming 
of 
these 
bits. 
After 
RESET, 
the 
contents 
of 
both 
the 
MPCS 
and 
the 
PACS registers 
are undefined, 
however 
none of the 
PCS lines will be active 
until both of the MPCS and 
PACS registers 
are accessed. 


Table 
11. MS, EX Programming 
Values 


Bit 
Description 


MS 
1 = Peripherals 
mapped 
into memory space. 


o = Peripherals 
mapped 
into I/O space. 


EX 
o = 5 PCS lines. A 1, A2 provided. 
1 = 7 PCS lines. A 1, A2 are not provided. 


MPCS bits 0-2 
specify the READY mode for PCS4- 
PCS6 as outlined 
below. 


READY Generation Logic 


The 80C188 can generate 
a READY si9!!..alinternally 
for each of the memory 
or peripheral 
CS lines. The 
number 
of WAIT states 
to be inserted 
for each pe- 
ripheral 
or memory 
is programmable 
to provide 
0-3 
wait states for all accesses 
to the area for which the 
chip select is active. In addition, 
the 80C188 
may be 
programmed 
to either 
ignore 
external 
READY 
for 
each chip-select 
range individually 
or to factor exter- 
nal READY with the integrated 
ready generator. 


READY control 
consists 
of 3 bits for each CS line or 
group of lines generated 
by the 80C188. 
The inter- 
pretation 
of the READY 
bits is shown 
in Table 
12. 


R2 
R1 
RO 
Number 
of WAIT States 
Generated 


0 
0 
0 
o wait states, external 
RDY 
also used. 


0 
0 
1 
1 wait state inserted, 
external 
RDY 
also used. 


0 
1 
0 
2 wait states inserted, external 
RDY 
also used. 


0 
1 
1 
3 wait states inserted, 
external 
RDY 
also used. 
1 
0 
0 
o wait states, external 
RDY 
ignored. 


1 
0 
1 
1 wait state inserted, 
external 
RDY 
ignored. 


1 
1 
0 
2 wait states inserted, 
external 
RDY 
ignored. 
1 
1 
1 
3 wait states inserted, 
external 
RDY 
ignored. 


The internal 
READY 
generator 
operates 
in parallel 
with external 
READY, 
not in series, 
if the external 
READY 
is used (R2 = 0). For example, 
if the inter- 
nal generator 
is set to insert 
two 
wait 
states, 
but 
activity 
on the external 
READY 
lines will insert four 
wait states, 
the processor 
will only 
insert 
four wait 
states, 
not six. This is because 
the two wait states 
generated 
by the internal 
generator 
overlapped 
the 
first two wait states generated 
by the external 
ready 
signal. Note that the external 
ARDY and SRDY lines 
are always 
ignored 
during cycles 
accessing 
internal 
peripherals. 


R2-RO 
of each 
control 
word 
specifies 
the READY 
mode for the corresponding 
block, 
with the excep- 
tion of the peripheral 
chip selects: 
R2-RO 
of PACS 
set the PCSO-3 
READY mode, R2-RO 
of MPCS set 
the PCS4-6 
READY 
mode. 


Chip Select/Ready 
Logic and Reset 


Upon RESET, the Chip-Select/Ready 
Logic will per- 
form the following 
actions: 


• 
All chip-select 
outputs 
will be driven 
HIGH. 


• 
Upon 
leaving 
RESET, 
the UCS line will be pro- 
grammed 
to provide 
chip selects 
to a 1K block 
with the accompanying 
READY control 
bits set at 
011 to insert 3 wait states in conjunction 
with ex- 
ternal 
READY 
(i.e., UMCS resets to FFFBH). 


• 
No other chip select 
or READY 
control 
registers 
have 
any predefined 
values 
after 
RESET. 
They 
will 
not become 
active 
until the 
CPU accesses 
their control 
registers. 
Both the PACS and MPCS 
registers 
must be accessed 
before the PCS lines 
will become 
active. 
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The 80C188 DMA controller provides two indepen- 
dent DMA channels. Data transfers can occur be- 
tween memory and 110 spaces (e.g., Memory to 1/0) 
or within the same space (e.g., Memory to Memory 
or 1/0 to 1/0). Each DMA channel maintains both a 
20-bit source and destination pointer which can be 
optionally incremented or decremented after each 
data transfer. Each data transfer consumes 2 bus 
cycles (a minimum of 8 clocks), one cycle to fetch 
data and the other to store data. 


DMA Operation 


Each channel has six registers in the control block 
which define each channel's operation. The control 
registers consist of a 20-bit Source pointer (2 
words), a 20-bit destination pointer (2 words), a 
16-bit Transfer Count Register, and a 16-bit Control 
Word. The format of the DMA Control Blocks is 
shown in Table 13. The Transfer Count Register 


(TC) specifies the number of DMA transfers to be 
performed. Up to 64K byte transfers can be per- 
formed with automatic termination. The Control 
Word defines the channel's operation (see Figure 
17). All registers may be modified or altered during 
any DMA activity. Any changes made to these regis- 
ters will be reflected immediately in DMA operation. 


Table 13. DMA Control Block Format 


Register Name 
Register Address 


Ch.O 
Ch. 1 


Control Word 
CAH 
DAH 


Transfer Count 
C8H 
D8H 
Destination Pointer (upper 4 
C6H 
D6H 
bits) 
Destination Pointer 
C4H 
D4H 
Source Pointer (upper 4 bits) 
C2H 
D2H 
Source Pointer 
COH 
DOH 


TIMER REQUEST 


DMA 
CONTROL 
LOGIC 


270432-15 


Figure 16. DMA Unit Block Diagram 
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14 
13 
12 
11 
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Mf 
DESTINATION- Mf 
SOURCE 
iD 
DEC 
INC 
iD 
DEC 
INC 
x = DON'TCARE 


Figure 17. DMA Control Register 


DMA Channel Control Word Register 


Each DMA Channel Control Word determines the 
mode of operation for the particular 80C188 DMA 
channel. This register specifies: 
• the mode of synchronization; 
• whether interrupts will be generated after the last 
transfer; 
• whether DMA activity will cease after a pro- 
grammed number of DMA cycles; 
• the relative priority of the DMA channel with re- 
spect to the other DMA Channel; 
• whether the source pointer will be incremented, 


decremented, or maintained constant after each 
transfer; 
• whether the source pointer addresses memory or 


L/O space; 
• whether the destination pointer will be increment- 
ed, decremented, or maintained constant after 
each transfer; and 
• whether 
the 
destination 
pointer will 
address 
memory or 110 space. 


The DMA channel control registers may be changed 
while the channel is operating. However, any chang- 
es made during operation will affect the current DMA 
transfer. 


DMA Control Word Bit Descriptions 


DEST: 
MIIO Destination pointer is in memory 
(1) or 110 (0) space. 
DEC Decrement destination pointer by 
1 after each transfer. 


INC Increment destination pointer by 1 
after each transfer. 
If both INC and DEC are specified, 
the pointer will remain constant af- 
ter each cycle. 
SOURCE: MIIO Source pointer is in memory (1) or 
110 (0) space. 
DEC Decrement source pointer by 1 af- 
ter each transfer. 


INC Increment source pointer by 1 af- 
ter each transfer. 
If both INC and DEC are specified, 
the pointer will remain constant af- 
ter each cycle. 


TC: 
If set, DMA will terminate when 
the contents of the transfer count 
register reach zero. The ST/stop 
bit will also be reset at this point. If 
cleared, the DMA controller will 
decrement the transfer count reg- 
ister for each DMA cycle, but the 
DMA transfers will not stop when 
the transfer count register reaches 
zero. 
INT: 
Enable interrupts to CPU upon 
transfer count termination. 


SYN: 
00 No synchronization. 


NOTE: 
When 
unsynchronized 
transfers 
are specified, the TC bit will be ig- 
nored and the ST/STOP bit will be 
cleared upon the transfer count 
reaching zero, stopping the chan- 
nel. 


01 
Source synchronization. 


10 
Destination synchronization. 


11 
Unused. 


P: 
Channel priority relative to other 
channel during simultaneous re- 
quests. 
o 
Low priority. 


1 
High priority. 


Channels will alternate cycles if 
both are set at the same priority 
level. _ 


TDRQ: 
Enable/Disable 
(1/0) 
DMA 
re- 
quests from timer 2. 


CHGINOCHG: 
Change/Do not change (1/0) the 
ST/STOP bit. If this bit is set when 
writi!]Llhe 
control 
word, 
the 
ST/STOP bit will be programmed 
by the write to the control word. If 
this bit is cleared when writing the 
control word, the ST/STOP bit will 
not be altered. This bit is not 
stored; it will always be read as O. 
ST/STOP: 
Start/Stop (1/0) channel. 
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DMA Requests 
DMA Destination and Source Pointer 
Registers 


Each DMA channel maintains a 20-bit source and a 
20-bit destination pointer. Each of these pointers 
takes up two full 16-bit registers in the peripheral 
control block. For each DMA Channel to be used, all 
four pointer registers must be initialized. The lower 
four bits of the upper register contain the upper four 
bits of the 20-bit physical address (see Figure 18). 
These pointers may be individually incremented or 
decremented after each transfer. 


Each pointer may point into either memory or I/O 
space. Since the upper four bits of the address are 
not automatically programmed to zero, the user 
must program them in order to address the normal 
64K I/O space. There is no restriction on values for 
the pointer registers. 


DMA Transfer Count Register 


Each DMA channel maintains a 16-bit transfer count 
register (TC). The register is decremented after ev- 
ery DMA cycle, regardless of the state of the TC bit 
in the DMA Control Register. If the TC bit in the DMA 
control word is set or if unsynchronized transfers are 
programmed, however, DMA activity will terminate 
when the transfer count register reaches zero. 


Data transfers may be either source or destination 
synchronized, that is either the source of the data or 
the destination of the data may request the data 
transfer. In addition, DMA transfers may be unsyn- 
chronized; that is, the transfer will take place contin- 
ually until the correct number of transfers has oc- 
curred. When source or unsynchronized transfers 
are performed, the DMA channel may begin another 
transfer immediately after the end of a previous 
DMA transfer. This allows a complete transfer to 
take place every 2 bus cycles or eight clock cycles 
(assuming no wait states). When destination syn- 
chronization is performed, data will not be fetched 
from the source address until the destination device 
signals that it is ready to receive it. Also, the DMA 
controller will relinquish control of the bus after ev- 
ery transfer. If no other bus activity is initiated, an- 
other destination synchronized DMA cycle will begin 
after two processor clocks. This allows the destina- 
tion device time to remove its request if another 
transfer is not desired. Since the DMA controller will 
relinquish the bus, the CPU can initiate a bus cycle. 
As a result, a complete bus cycle will often be insert- 
ed between destination synchronized transfers. Ta- 
ble 14 shows the maximum DMA transfer rates. 


Table 14. Maximum DMA Transfer 
Rates at CLKOUT = 16 MHz 


Type of 
Synchronization 
CPURunning 
CPUHalted 
Selected 


Unsynchronized 
2.0 MBytes/sec 
2.0 MBytes/sec 
SourceSynch 
2.0 MBytes/sec 
2.0 MBytes/sec 
DestinationSynch 
1.3 MBytes/sec 
1.6 MBytes/sec 


HIGHER 
REGISTER 
ADDRESS 


LOWER 
REGISTER 
ADDRESS 


xxx 
XXX 
XXX 
A19-A16 


A15-A12 
A11-AB 
A7-A4 
A3-AO 


15 


XXX = DON'T CARE 


o 


Figure 18. DMA Pointer Register Format 
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No explicit DMA acknowledge pulse is provided. 
Since both source and destination pointers are 
maintained, a read from a requesting source, or a 
write to a requesting destination, should be used as 
the DMA acknowledge signal. Since the chip-select 
lines can be programmed to be active for a given 
block of memory or 1/0 space, and the DMA point- 
ers can be programmed to point to the same given 
block, a chip-select line could be used to indicate a 
DMA acknowledge. 


DMA Priority 


The DMA channels may be programmed to give one 
channel priority over the other, or they may be pro- 
grammed to alternate cycles when both have DMA 
requests pending. DMA cycles always have priority 
over internal CPU cycles except between locked 
memory accesses; also, an external bus hold takes 
priority over an internal DMA cycle. Because an in- 
terrupt request cannot suspend a DMA operation 
and the CPU cannot access memory during a DMA 
cycle, interrupt latency time will suffer during se- 
quences of continuous DMA cycles. An NMI re- 
quest, however, will cause all internal DMA activity 
to halt. This allows the CPU to quickly respond to the 
NMI request. 


DMA Programming 


DMA cycles will occur whenever the STISTOP bit of 
the Control Register is set. If synchronized transfers 
are programmed, a DRQ must also be generated. 
Therefore the source and destination transfer point- 


ers, and the transfer count register (if used) must be 
programmed before the STISTOP 
bit is set. 


Each DMA register may be modified while the chan- 
nel is operating. If the CHG/NOCHG bit is cleared 
when the control register is written, the STISTOP 
bit 


'of the control register will not be modified by the 
write. If multiple channel registers are modified, it is 
recommended that a LOCKED string transfer be 
used to prevent a DMA transfer from occurring be- 
tween updates to the channel registers. 


DMA Channels and Reset 


Upon RESET, the state of the DMA channels will be 
as follows: 


• The STISTOP bit for each channel will be reset 
to STOP, 


• Any transfer in progress is aborted. 
• The values of the transfer count registers, source 
pointers and destination pointers are indetermi- 
nate. 


TIMERS 


The 80C188 provides three internal 16-bit program- 
mable timers (see Figure 19). Two of these are high- 
ly flexible and are connected to four external pins (2 
per timer). They can be used to count external 
events, time external events, generate nonrepetitive 
waveforms, etc. The third timer is not connected to 
any external pins, and is useful for real-time coding 
and time delay applications. In addition, the third tim- 
er can be used as a prescaler to the other two, or as 
a DMA request source. 


nMEAO 


lUX COUNTVALUE 
lUX COUNT VALUE 


MAXCOU~TVAWE 
CLOCK/4 I-:IUX=C==O';;U~=T:-::VALUE~ 
I 
I 
MOOElCONTROL 
MODRlCONTIIOL 
WORD 
_ 


270432-16 


INTERNAL_SIIOATA 
_ 


All •• BITREGISTERS 


Figure 19.Timer Block Diagram 


OMA 
REO. 
12 
INT. 
AEO. 


CLOCK" 
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Timer Operation 


The timers are controlled by 11 16-bit registers in 
the peripheral control block. The configuration of 
these registers is shown in Table 15. The count reg- 
ister contains the current value of the timer. It can be 
read or written at any time independent of whether 
the timer is running or not. The value of this register 
will be incremented for each timer event. Each of the 
timers is equipped with a MAX COUNT register, 
which defines the maximum count the timer will 
reach. After reaching the MAX COUNT register val- 
ue, the timer count value will reset to zero during 
that same clock, i.e., the maximum count value is 
never stored in the count register itself. Timers 0 and 
1 are, in addition, equipped with a second MAX 
COUNT register, which enables the timers to alter- 
nate their count between two different MAX COUNT 
values. If a single MAX COUNT register is used, the 
timer output pin will switch LOW for a single clock, 1 
clock after the maximum count value has been 
reached. In the dual MAX COUNT register mode, the 
output pin will indicate which MAX COUNT register 
is currently in use, thus allowing nearly complete 
freedom in selecting waveform duty cycles. For the 
timers with two MAX COUNT registers, the RIU bit in 
the control register determines which is used for the 
comparison. 


Each timer gets serviced every fourth CPU-clock cy- 
cle, and thus can operate at speeds up to one-quar- 
ter the internal clock frequency (one-eighth the crys- 
tal rate). External clocking of the timers may be done 
at up to a rate of one-quarter ot the internal CPU- 
clock rate. Due to internal synchronization and pipe- 
lining of the timer circuitry, a timer output may take 
up to 6 clocks to respond to any individual clock or 
gate input. 


Since the count registers and the maximum count 
registers are all 16 bits wide, 16 bits of resolution are 
provided. Any Read or Write access to the timers will 
add one wait state to the minimum four-clock bus 
cycle, however. This is needed to synchronize and 
coordinate the internal data flows between the inter- 
nal timers and the internal bus. 


The timers have several programmable options. 


• All three timers can be set to halt or continue on 
a terminal count. 


• Timers 0 and 1 can select between internal and • 
external clocks, alternate between MAX COUNT 
registers and be set to retrigger on external 
events. 
• The timers may be programmed to cause an in- 
terrupt on terminal count. 


These options are selectable via the timer model 
control word. 


Timer Mode/Control 
Register 


The mode/control 
register (see Figure 20) allows 
the user to program the specific mode of operation 
or check the current programmed status for any of 
the three integrated timers. 


Table 15.Timer Control Block Format 


Register Name 
Register Offset 


Tmr.O 
Tmr.1 
Tmr.2 


Mode/Control Word 
56H 
5EH 
66H 
MaxCount B 
54H 
5CH 
not present 
Max Count A 
52H 
5AH 
62H 
Count Register 
50H 
58H 
60H 


o 
p 
15 
14 
13 
12 
11 
EN 
INT 
RIU 
5 
4 
3 
210 
MC 
EXT 
ALT I CONT I 
RTG 


Figure 20. Timer Mode/Control 
Register 
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EN: 


The 
enable 
bit provides 
programmer 
control 
over 
the timer's 
RUN/HALT 
status. When set, the timer is 
enabled 
to increment 
subject 
to the input pin con- 
straints 
in the internal 
clock 
mode (discussed 
previ- 
ously). When cleared, the timer will be inhibited 
from 
counting. 
All input pin transistions 
during the time EN 
is zero will be ignored. 
If CaNT 
is zero, the EN bit is 
automatically 
cleared 
upon maximum 
count. 


INH: 


The 
inhibit 
bit allows 
for selective 
updating 
of the 
enable 
(EN) bit. If INH is a one during the write to the 
mode/control 
word, then the state of the EN bit will 
be modified 
by the write. If INH is a zero during the 
write, the EN bit will be unaffected 
by the operation. 
This bit is not stored; 
it will always be a 0 on' a read. 


INT: 


When 
set, the 
INT bit enables 
interrupts 
from 
the 
timer, 
which 
will 
be 
generated 
on 
every 
terminal 
count. 
If the timer is configured 
in dual MAX CaNT 
register 
mode, 
an interrupt 
will be generated 
each 
time the value in MAX COUNT register A is reached, 
and each time the value in MAX COUNT register B is 
reached. 
If this enable 
bit is cleared 
after the inter- 
rupt request 
has been generated, 
but before a pend- 
ing interrupt 
is serviced, 
the interrupt 
request will still 
be in force. 
(The request 
is latched 
in the Interrupt 
Controller). 


RIU: 


The 
Register 
In 
Use 
bit 
indicates 
which 
MAX 
COUNT 
register 
is currently 
being used for compari- 
son to the timer count value. A zero value indicates 
register 
A. The 
RIU bit cannot 
be written, 
i.e., its 
value is not affected 
when the control 
register is writ- 
ten. It is always cleared 
when the ALT bit is zero. 


MC: 


The Maximum 
Count 
bit is set whenever 
the timer 
reaches 
its final maximum 
count value. If the timer is 
configured 
in dual MAX COUNT 
register 
mode, this 
bit will be set each time the value 
in MAX COUNT 
register 
A is reached, 
and each 
time 
the value 
in 
MAX COUNT 
register 
B is reached. 
This 
bit is set 
regardless 
of the 
timer's 
interrupt-enable 
bit. The 
MC bit gives 
the 
user the 
ability 
to monitor 
timer 
status 
through 
software 
instead 
of 
through 
inter- 
rupts. 


Programmer 
intervention 
is required 
to clear this bit. 


RTG: 


Retrigger 
bit is only active for internal 
clocking 
(EXT 
= 0). In this case it determines 
the control 
function 
provided 
by the input pin. 


If RTG = 0, the input level gates the internal 
clock 
on and off. 
If the 
input 
pin is HIGH, 
the timer 
will 
count; 
if the input pin is LOW, the timer will hold its 
value. As indicated 
previously, 
the input signal 
may 
be asynchronous 
with respect 
to the 80C188 
clock. 


When RTG = 1, the input pin detects 
LOW-to-HIGH 
transitions. 
The first such transition 
starts 
the timer 
running, 
clearing 
the timer value to zero on the first 
clock, 
and 
then 
incrementing 
thereafter. 
Further 
transitions 
on the input pin will again reset the timer 
to zero, from which 
it will start counting 
up again. If 
CaNT 
= 0, when the timer has reached 
maximum 
count, 
the 
EN bit will be cleared, 
inhibiting 
further 
timer activity. 


P: 


The prescaler 
bit is ignored 
unless 
internal 
clocking 
has been selected 
(EXT = 0). If the P bit is a ZElrO, 
the timer will count 
at one-fourth 
the internal 
CPU 
clock rate. If the P bit is a one, the output of timer 2 
will be used as a clock 
for the timer. 
Note that the 
user must 
initialize 
and start timer 2 to obtain 
the 
prescaled 
clock. 


EXT: 


The external 
bit selects 
between 
internal 
and exter- 
nal clocking 
for the timer. 
The external 
signal 
may 
be asynchronous 
with respect 
to the 80C188 
clock. 
If this bit is set, the timer 
will count 
LOW-to-HIGH 
transitions 
on the input pin. If cleared, 
it will count an 
internal 
clock while using the input pin for control. 
In 
this mode, the function 
of the external 
pin is defined 
by the RTG bit. The maximum 
input to output 
tran- 
sition 
latency 
time 
may be as much 
as 6 cloc 
s. 


However, 
clock 
inputs 
may be pipelined 
as closely 
together 
as every 4 clocks without 
losing clock puls- 
es. 


ALT: 


The ALT bit determines 
which 
of two MAX COUNT 
registers 
is used for count comparison. 
If AL T = 0, 
register 
A for that timer is always used, while if A T 
= 1, the comparison 
will alternate 
between 
register 
A 
and 
register 
B when 
each 
maximum 
count 
is 
reached. 
This alternation 
allows the user to change 
one MAX COUNT 
register 
while 
the other 
is being 
used, 
and 
thus 
provides 
a method 
of 
generating 
non-repetitive 
waveforms. 
Square 
waves 
and pulse 
outputs 
of any duty cycle 
are a subset 
of available 
signals obtained 
by not changing 
the final count reg- 
isters. The AL T bit also determines 
the function 
of 
the timer output pin. If AL T is zero, the output pin will 
go LOW for one clock, the clock after the maximum 
count 
is reached. 
If ALT is one, the output 
pin will 
reflect 
the current 
MAX COUNT 
register 
being used 
(0/1 
for B/ A). 
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CONT: 
INTERRUPT 
CONTROLLER 


Setting the CaNT bit causes the associated timer to 
run continuously, while resetting it causes the timer 
to halt upon maximum count. If CaNT = 0 and ALT 
= 1, the timer will count to the MAX COUNT register 
A value, reset, count to the register B value, reset, 
and halt. 


Not all mode bits are provided for timer 2. Certain 
bits are hardwired as indicated below: 


AL T = 0, EXT = 0, P = 0, RTG = 0, RIU = 0 


Count Registers 


Each of the three timers has a 16-bit count register. 
The contents of this register may be read or written 
by the processor at any time. If the register is written 
while the-timer is counting,the new value will take 
effect in the current count cycle. 


The count registers should be programmed before 
attempting to use the timers since they are not auto- 
matically initialized to zero. 


Max Count Registers 


Timers 0 and 1 have two MAX COUNT registers, 
while timer 2 has a single fylAX COUNT register. 
These contain the number of events the timer will 
count. In timers 0 and 1, the MAX COUNT register 
used can alternate between the two max count val- 
ues 
whenever 
the 
current 
maximum count 
is 
reached. 


A timer resets when the timer count register equals 
the max count value being used. If the timer count 
register or the max count register is changed so that 
the max count is less than the timer count, the timer 
does 
not immediately reset. Instead, the timer 
counts up to OFFFFH, "wraps around" to zero, 
counts up to the max count value, and then resets. 


Timers and Reset 


Upon RESET, the state of the timers will be as fol- 
lows: 


• All EN (Enable) bits are reset preventing timer 
counting. 


• For Timers 0 and 1, the RIU bits are reset to zero 
and the ALT bits are set to one. This results in the 
Timer Out pins going HIGH. 


• The contents of the count registers are indetermi- 
nate. 


The 80C~88 can receive interrupts from a number of 
sources, both internal and external. The internal in- 
terrupt controller serves to merge these requests on 
a priority basis, for individual service by the CPU. 


Internal interrupt sources (Timers and DMA chan- 
nels) can be disabled by their own control registers 
or by mask bits within the interrupt controller. The 
80C188 interrupt controller has its own control regis- 
ter that sets the mode of operation for the controller. 


The interrupt controller will resolve priority among 
requests that are pending simultaneously. Nesting is 
provided so interrupt service routines for lower priori- 
ty interrupts may be interrupted by higher priority in- 
terrupts. A block diagram of the interrupt controller is 
shown in Figure 21. 


The 80C188 has a special Slave Mode in which the 
internal interrupt controller acts as a slave to an ex- 
ternal master. The controller is programmed into this 
mode by setting bit 14 in the peripheral control block 
relocation register. (See Slave Mode section.) 


MASTER 
MODE OPERATION 


Interrupt Controller External Interface 


Five pins are provided for external interrupt sources. 
One of these pins is NMI, the non-maskable inter- 
rupt. NMI is generally used for unusual events such 
as power-fail interrupts. The other four pins may be 
configured in any of the following ways: 
• As four interrupt input lines with internally gener- 
ated interrupt vectors. 


• As an interrupt line and interrupt acknowledge 
line pair (cascade mode) with externally generat- 
ed interrupt vectors plus two interrupt input lines 
with internally generated vectors. 
• As two pairs of interrupt/interrupt acknowledge 
lines (Cascade Mode) with externally generated 
interrupt vectors. 


External sources in the Cascade Mode use external- 
ly generated interrupt vectors. When an interrupt is 
acknowledged, two INTA cycles are initiated and the 
vector is read into the 80C188 on the second cycle. 
The capability to interface to external 82C59A pro- 
grammable interrupt controllers is provided when 
the inputs are configured in Cascade Mode. 
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Interrupt 
Controller 
Modes of 
Operation 


The basic modes of operation of the interrupt con- 
troller in master mode are similar to the 82C59A. 
The interrupt controller responds identically to inter- 
nal interrupts in all three modes: the difference is 
only in the interpretation of function of the four exter- 
nal interrupt pins. The interrupt controller is set into 
one of these three modes by programming the cor- 
rect bits in the INTOand INT1 control registers. The 
modes of interrupt controller operation are as fol- 
lows: 


Fully Nested Mode 


When in the fully nested mode four pins are used as 
direct interrupt requests as in Figure 22. The vectors 
for these four inputs are generated internally. An in- 
service bit is provided for every interrupt source. If a 
lower-priority device requests an interrupt while the 
in service bit (IS) is set, no interrupt will be generat- 
ed by the interrupt controller. In addition, if another 
interrupt request occurs from the same interrupt 
source while the in-service bit is set, no interrupt will 
be generated by the interrupt controller. This allows 
interrupt service routines to operate with interrupts 
enabled, yet be suspended only by interrupts of 
higher priority than the in-service interrupt. 


When a service routine is completed, the proper IS 
bit must be reset by writing the proper pattern to the 
EOI register. This is required to allow subsequent 
interrupts from this interrupt source and to allow 
servicing of lower-priority interrupts. An EOI com- 


mand is executed at the end of the service routine 
just before the return from interrupt instruction. If the 
fully nested structure has been upheld, the next 
highest-priority source with its IS bit set is then serv- 
iced. 


Cascade Mode 


The 80C188 has four interrupt pins and two of them 
have dual functions. In the fully nested mode the 
four pins are used as direct interrupt inputs and the 
corresponding vectors are generated internally. In 
the Cascade Mode, the four pins are configured into 
interrupt input-dedicated acknowledge signal pairs. 
The interconnection is shown in Figure 23. INTOis 
an interrupt input interfaced to an 82C59A, while 
INT2/INTAO serves as the dedicated interrupt ac- 
knowledge signal to that peripheral. The same is 
true for INT1 and INT3/INTA 1. Each pair can selec- 
tively be placed in the Cascade or non-Cascade 
Mode by programming the proper value into INTO 
and INT1 control registers. The use of the dedicated 
acknowledge signals eliminates the need for the use 
of external logic to generate INTA and device select 
signals. 


The primary Cascade Mode allows the capability to 
serve up to 128 external interrupt sources through 
the use of external master and slave 82C59As. 
Three levels of priority are created, requiring priority 
resolution in the 80C188 interrupt controller, the 
master 82C59As, and the slave 82C59As. If an ex- 
ternal interrupt is serviced, one IS bit is set at each 
of these levels. When the interrupt service routine is 
completed, up to three end-of-interrupt commands 
must be issued by the programmer. 


nMER 
TIMER nMER 
o 
1 
2 
DMA 
1 
INnl 
mEeT 


INTA31 
iliml 
IRQ 
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Figure 21. Interrupt Controller Block Diagram 
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INTERRUPT SOURCE 


INTERRUPT SOURCE 


INTERRUPT SOURCE 


INTERRUPT SOURCE 
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Figure 22. Fully Nested 
(Direct) 
Mode 
Interrupt 
Controller 
Connections 


Special 
Fully Nested 
Mode 


This mode is entered by setting the SFNM bit in 
INTO or INT1 control register. It enables complete 
nestability with external 82C59A masters. Normally, 
an interrupt request from an interrupt source will not 
be recognized unless the in·service bit for that 
source is reset. If more than one interrupt source is 
connected to an external interrupt controller, all of 
the interrupts will be funneled through the same 
80C188 interrupt request pin. As a result, if the ex- 
ternal interrupt controller receives a higher-priority 
interrupt, its interrupt will not be recognized by the 
80C188 controller until the 80C188 ln-service bit is 
reset. In Special Fully Nested Mode, the 8PC188 in- 
terrupt controller will allow interrupts from an exter- 
nal pin regardless of the state of the in-service bit for 
an interrupt source in order to allow multiple inter- 
rupts from a single pin. An in-service bit will continue 
to be set, however, to inhibit interrupts from other 
lower-priority 80C188 interrupt sources. 


Special procedures should be followed when reset- 
ting IS bits at the end of interrupt service routines. 
Software polling of the IS register in the external 
master 82C59A is required to determine if there is 
more than one bit set. If so, the IS bit in the 80C188 
remains active and the next interrupt service routine 
is entered. 


Operation 
in a Polled Environment 


The controller may be used in a polled mode if inter- 
rupts are undesirable.·When polling, the processor 
disables interrupts and then polls the interrupt con- 
troller whenever it is convenient. Polling the interrupt 
controller is accomplished by reading the Poll Word 
(Figure 32). Bit 15 in the poll word indicates to the 
processor that an interrupt of high enough priority is 
requesting service. Bits 0-4 indicate to the proces- 
sor the type vector of the highest-priority source re- 
questing service. Reading the Poll Word causes the 
In-Service bit of the highest priority source to be set. 


It is desirable to be able to read the Poll Word infor- 
mation without guaranteeing service of any pending 


interrupt, i.e., not set the indicated in-service bit. The 
80C188 provides a Poll Status Word in addition to 
the conventional Poll Word to allow this to be done. 
Poll Word information is duplicated in the Poll Status 
Word, but reading the Poll Status Word does not set 
the associated in-service bit. These words are locat- 
ed in two adjacent memory locations in the register 
file. 


Master Mode Features 


Programmable 
Priority 


The user can program the interrupt sources into any 
of eight different priority levels. The programming is 
done by placing a 3-bit priority level (0-7) in the con- 
trol register of each interrupt source. (A source with 
a priority level of 4 has higher priority over all priority 
levels from 5 to 7. Priority registers containing values 
lower than 4 have greater priority). All interrupt 
sources have preprogrammed default priority levels 
(see Table 4). 


If two requests with the same programmed priority 
level are pending at once, the priority ordering 
scheme shown in Table 4 is used. If the serviced 
interrupt routine reenables interrupts, other interrupt 
requests can be serviced. 


End-of-Interrupt 
Command 


The end-of-interrupt (EOI) command is used by the 
programmer to reset the In-Service (IS) bit when an 


, interrupt service routine is completed. The EOI com- 
mand is issued by writing the proper pattern to the 
EOI register. There are two types of EOI commands, 
specific and nonspecific. The nonspecific command 
does not specify which IS bit is reset. When issued, 
the interrupt controller automatically resets the IS bit 
of the highest priority source with an active service 
routine. A specific EOI command requires that the 
programmer send the interrupt vector type to the in- 
terrupt controller indicating which source's IS bit is 
to be reset. This command is used when the fully 
nested structure has been disturbed or the highest 
priority IS bit that was set does not belong to the 
service routine in progress. 


Trigger 
Mode 


The four external interrupt pins can be programmed 
in either edge- or level-trigger mode. The control 
register for each external source has a level-trigger 
mode (LTM) bit. All interrupt inputs are active HIGH. 
In the edge sense mode or the level-trigger mode, 
the interrupt request must remain active (HIGH) until 
the 
interrupt 
request 
is 
acknowledged 
by 
the 
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80C188 
CPU. In the edge-sense 
mode, 
if the level 
remains 
high after the interrupt 
is acknowledged, 
the 
input is disabled 
and no further 
requests 
will be gen- 
erated. The input level must go LOW for at least one 
clock cycle to re-enable 
the input. In the level-trigger 
mode, no such provision 
is made: holding 
the inter- 
rupt input 
HIGH will cause 
continuous 
interrupt 
re- 
quests. 


Interrupt 
Vectorlng 


The 80C186 
Interrupt 
Controller 
will generate 
inter- 
rupt vectors 
for the 
integrated 
OMA channels 
and 
the integrated 
Timers. 
In addition, 
the Interrupt 
Con- 
troller will generate 
interrupt 
vectors 
for the external 
interrupt 
lines if they are not configured 
in Cascade 
or Special 
Fully Nested 
Mode. The interrupt 
vectors 
generated 
are fixed and cannot be changed 
(see Ta- 
ble 4). 


Interrupt Controller 
Registers 


The 
Interrupt 
Controller 
register 
model 
is shown 
in 
Figure 24. It contains 
15 registers. 
All registers 
can 
both be read or written 
unless specified 
otherwise. 


In-Service 
Register 


This register 
can be read from 
or written 
into. The 
format 
is shown in Figure 25. It contains 
the In-Serv- 
ice bit for each of the interrupt 
sources. 
The In-Serv- 
ice bit is set to indicate 
that a source's 
service 
rou- 
tine is in progress. 
When an In-Service 
bit is set, the 
interrupt 
controller 
will not generate 
interrupts 
to the 
CPU when it receives 
interrupt 
requests 
from devic- 
es with a lower programmed 
priority level. The TMR 
bit is the 
In-Service 
bit for all three 
timers; 
the DO 
and 01 bits are the In-Service 
bits for the two OMA 
channels; 
the 
10-13 are the 
In-Service 
bits for the 


external 
interrupt 
pins. 
The 
IS bit is set when 
the 
processor 
acknowledges 
an interrupt 
request 
either 
by an interrupt 
acknowledge 
or by reading 
the poll 
register. The IS bit is reset at the end of the interrupt 
service 
routine 
by an end-of-interrupt 
command. 


Interrupt 
Request 
Register 


The internal 
interrupt 
sources 
have interrupt 
request 
bits inside the interrupt 
controller. 
The format 
of this 
register is shown in Figure 25. A read from this regis- 
ter yields the status of these bits. The TMR bit is the 
logical OR of all timer interrupt 
requests. 
DO and 01 
are the interrupt 
request 
bits for the OMA channels. 


The state of the external 
interrupt 
input pins is also 
indicated. 
The state of the external 
interrupt 
pins is 
not a stored condition 
inside the interrupt 
controller, 
therefore 
the external 
interrupt 
bits cannot 
be writ- 
ten. The external 
interrupt 
request 
bits are set when 
an interrupt 
request 
is given to the interrupt 
control- 
ler, so if edge-triggered 
mode is selected, 
the bit in 
the register will be HIGH only after an inactive-to-ac- 
tive transition. 
For internal interrupt 
sources, 
the reg- 
ister bits are set when a request 
arrives 
and are re- 
set when the processor 
acknowledges 
the requests. 


Writes to the interrupt 
request 
register will affect the 
DO and 01 
interrupt 
request 
bits. Setting 
either 
bit 
will cause the corresponding 
interrupt 
request 
while 
clearing 
either bit will remove 
the corresponding 
in- 
terrupt request. 
All other bits in the register 
are read- 
only. 


Mask Register 


This is a 16-bit register 
that contains 
a mask bit for 
each interrupt 
source. 
The format 
for this register 
is 
shown 
in Figure 
25. A one 
in a bit position 
corre- 
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Figure 23. Cascade 
and Special Fully Nested 
Mode Interrupt 
Controller 
Connections 
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sponding to a particular source masks the source 
from generating interrupts. These mask bits are the 
exact same bits which are used in the individual con- 
trol registers; programming a mask bit using the 
mask register will also change this bit in the individu- 
al control registers, and vice versa. 


OFFSET 


3EH 
INT3 CONTROL 
REGISTER 


INT2 CONTROL 
REGISTER 


INTl 
CONTROL 
REGISTER 


INTO CONTROL 
REGISTER 


OMA 1 CONTROL 
REGISTER 


OMA 0 CONTROL 
REGISTER 


TIMER 
CONTROL 
REGISTER 


INTERRUPT 
STATUS 
REGISTER 


INTERRUPT 
REQUEST 
REGISTER 


IN·SERVICE 
REGISTER 


PRIORITY 
MASK 
REGISTER 


MASK 
REGISTER 


POll 
STATUS 
REGISTER 


POLL REGISTER 


EOI REGISTER 


3CH 


3AH 


38H 


36H 


34H 


32H 


30H 


2EH 


2CH 


2AH 


28H 


26H 


24H 


22H 


Priority Mask Register 


This register masks all interrupts below a particular 
interrupt priority level. The format of this register is 
shown in Figure 26. The code in the lower three bits 
of this register inhibits interrupts of priority lower (a 
higher priority number) than the code specified. For 
example, 100 written into this register masks inter- 
rupts of level five (101), six (110), and seven (111). 
The register is reset to seven (111) upon RESET so 
no interrupts are masked due to priority number. 


Figure 24. Interrupt Controller Registers 
(Master Mode) 


Interrupt Status Register 


This register contains general interrupt controller 
status information. The format of this register is 
shown in Figure 27. The bits in the status register 
have the following functions: 
DHLT: DMA Halt Transfer; setting this bit halts all 
DMA transfers. It is automatically set when- 
ever a non-maskable interrupt occurs, and it 
is reset when an IRET instruction is execut- 
ed. This bit allows prompt service of all non- 
maskable interrupts. This bit may also be set 
by the programmer. 
IRTx: These three bits represent the individual tim- 
er interrupt request bits. These bits differenti- 
ate between timer interrupts, since the timer 
IR bit in the interrupt request register is the 
"OR" function of all timer interrupt request. 
Note that setting anyone of these three bits 
initiates an interrupt request to the interrupt 
controller. 
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Figure 25. In-Service, Interrupt Request, and Mask Register Formats 
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Figure 26. Priority Mask Register Format 
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Figure 27. Interrupt Status Register Format (Master Mode) 
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Timer, DMA 0,1; Control Register 


These registers are the control words for all the in- 
ternal interrupt sources. The format for these regis- 
ters is shown in Figure 28. The three bit positions 
PRO,PR1,and PR2 represent the programmable pri- 
ority level of the interrupt source. The MSK bit inhib- 
its interrupt requests from the interrupt source. The 
MSK bits in the individual control registers are the 
exact same bits as are in the Mask Register; modify- 
ing them in the individual control registers will also 
modify them in the Mask Register, and vice versa. 


INTO-INT3 Control Registers 


These registers are the control words for the four 
external input pins. Figure 29 shows the format of 
the INTO and INT1 Control registers; Figure 30 
shows the format of the INT2 and INT3 Control reg- 
isters. In Cascade Mode or Special Fully Nested 
Mode, the control words for INT2 and INT3 are not 
used. 


. The bits in the various control registers are encoded 
as follows: 
PRO-2: Priority programming information. Highest 
Priority = 000, Lowest Priority = 111 
LTM: 
Level-trigger mode bit. 1 = level-triggered; 
o = edge-triggered. Interrupt Input levels 
are active high. In level-triggered mode, an 
interrupt is generated whenever the exter- 
nal line is high. In edge-triggered mode, an 
interrupt will be generated only when this 


MSK: 


C: 


level is preceded by an inactive-to-active 
transition on the line. In both cases, the 
level must remain active until the interrupt 
is acknowledged. 
Mask bit, 1 = mask; 0 = non-mask. 
Cascade mode bit, 1 = cascade; 0 = di- 
rect 
Special Fully Nested Mode bit, 1 = SFNM 
SFNM: 


EOI Register 


The end of the interrupt register is a command regis- 
ter which can only be written into. The format of this 
register is shown in Figure 31. It initiates an EOI 
command when written to by the 80C188 CPU. 


The bits in the EOI register are encoded as follows: 
Sx: 
Encoded information that specifies an in- 
terrupt source vector type as shown in Ta- 
ble 4. For example, to reset the In-Service 
bit for DMA channel 0, these bits should be 
set to 01010, since the vector type for DMA 
channel 0 is 10. 


NOTE: 
To reset the single In-Service bit for any of 
the three timers, the vector type for timer 0 
(8) should be written in this register. 


NSPEC/: A bit that determines the type of EOI com- 
SPEC 
mand. Nonspecific = 1, Specific = O. 
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Figure 28. Timer/DMA Control Registers Formats 
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Figure 29. INTO/INT1 Control Register Formats 


15 
14 
5 
4 
3 
2 
1 
0 
0 
0 
I · 
0 
I LTM I MSK I PA2 I PAl I PAO I 


Figure 30. INT211NT3Control Register Formats 
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Poll and Poll Status 
Registers 


These registers contain polling information. The for- 
mat of these registers is shown in Figure 32. They 
can only be read. Reading the Poll register consti- 
tutes a software poll. This will set the IS bit of the 
highest priority pending interrupt. Reading the poll 
status register will not set the IS bit of the highest 
priority pending interrupt; only the status of pending 
interrupts will be provided. 


Encoding of the Poll and Poll Status register bits are 
as follows: 
Sx: 
Encoded information that indicates the 
vector type of the highest priority inter- 
rupting source. Valid only when INTREQ 
= 1. 


INTREQ: This bit determines if an interrupt request 
is present. Interrupt Request = 1; no In- 
terrupt Request = O. 


SLAVE 
MODE OPERATION 


When Slave Mode is used, the internal80C188 inter- 
rupt controller will be used as a slave controller to an 
external master interrupt controller. The internal 
80C188 resources will be monitored by the internal 
interrupt controller, while the 
external controller 
functions as the system master interrupt controller. 


Upon reset, the 80C188 will be in master mode. To 
provide for slave mode operation bit 14 of the relo- 
cation register should be set. 


Because of pin limitations caused by the need to 
interface to an external 82C59A master, the internal 
interrupt controller will no longer accept external in- 
puts. There are however, enough 80C188 interrupt 
controller inputs (internally) to dedicate one to each 
timer. In this mode, each timer interrupt source has 
its own mask bit, IS bit, and control word. 


In Slave Mode each peripheral must be assigned a 
unique priority to ensure proper interrupt controller 
operation. Therefore, it is the programmer's respon- 
sibility to assign correct priorities and initialize inter- 
rupt control registers before enabling interrupts. 


Slave Mode External Interface 


The configuration of the 80C188 with respect to an 
external 82C59A master is shown in Figure 33. The 
INTO(Pin 45) input is used as the 80C188 CPU inter- 
rupt input. IRQ (Pin 41) functions as an output to 
send the 80C188 slave-interrupt-request to one of 
the 8 master-PlC-inputs. 
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Figure 31. EOI Register 
Format 
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Figure 32. Poll and Poll Status Register 
Format 
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Figure 33. Slave Mode Interrupt 
Controller 
Connections 


Correct master-slave interface requires decoding of 
the slave addresses (CASO-2).Slave 82C59As do 
this 
internally. 
Because 
of 
pin 
limitations, 
the 
80C188 slave address will have to be decoded ex- 
ternally. SELECT (Pin 44) is used as a slave-select 
input. Note that the slave vector address is trans- 
ferred internally, but the READY input must be sup- 
plied externally. 


INTAO (Pin 42) is used as an acknowledge output, 
suitable to drive the INTA input of an 82C59A. 


Interrupt 
Nesting 


Slave Mode operation allows nesting of interrupt re- 
quests. When an interrupt is acknowledged, the pri- 
ority logic masks off all priority levels except those 
with equal or higher priority. 


Vector Generation 
in the Slave Mode 


Vector generation in Slave Mode is exactly like that 
of an 8259A or 82C59A slave. The interrupt control- 
ler generates an 8-bit vector type number which the 
CPU multiplies by four to use as an address into the 
vector table. The five most significant bits of this 
type number are user-programmable while the three 
least significant bits are defined according to Figure 
34. The significant five bits of the vector are pro- 
grammed by writing to the Interrupt Vector register 
at offset 20H. 


Specific End-of-Interrupt 


In Slave Mode the specific EOI command operates 
to reset an in-service bit of a specific priority. The 
user supplies a 3-bit priority-level value that points to 
an in-service bit to be reset. The command is exe- 
cuted by writing the correct value in the Specific EOI 
register at offset 22H. 


Interrupt Controller 
Registers 
in the Slave Mode 


All control and command registers are located inside 
the internal peripheral control 
block. Figure 34 
shows the offsets of these registers. 


End-of-Interrupt 
Register 


The end-of-interrupt register is a command register 
which can only be written. The format of this register 
is shown in Figure 35. It initiates an EOI command 
when written by the 80C188 CPU. 


The bits in the EOI register are encoded as follows: 
VTx: 
Three least-significant vector type bits corre- 
sponding to the source for which the IS bit is 
to be reset. Figure 34 indicates these bits. 
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In-Service Register 


This register can be read from or written into. It con- 
tains the in-service bit for each of the internal inter- 
rupt sources. The format for this register is shown in 
Figure 36. Bit positions 2 and 3 correspond to the 
OMA channels; positions 0, 4, and 5 correspond to 
the integral timers. The source's IS bit is set when 
the processor acknowledges its interrupt request. 


Interrupt Request Register 


This register indicates which internal peripherals 
have interrupt requests pending. The format of this 
register is shown in Figure 36. The interrupt request 
bits are set when a request arrives from an internal 
source, and are reset when the processor acknowl- 
edges the request. As in Master Mode, DO and 01 
are read/write; all other bits are read only. 


Mask Register 


This register contains a mask bit for each interrupt 
source. The format for this register is shown in Fig- 
ure 36. If the bit in this register corresponding to a 
particular interrupt source is set, any interrupts from 
that source will be masked. These mask bits are ex- 
actly the same bits which are used in the individual 
control registers, i.e., changing the state of a mask 
bit in this register will also change the state of the 
mask bit in the individual interrupt control register 
corresponding to the bit. 


Control Registers 


These registers are the control words for all the in- 
ternal interrupt sources. The format of these regis- 
ters is shown in Figure 37. Each of the timers and 
both of the OMA channels have their own Control 
Register. 


The bits of the Control Registers are encoded as 
follows: 
prx: 
3-bit encoded field indicating a priority level 
for the source. 
msk: mask bit for the priority level indicated by prx 
bits. 


OFFSET 


3AH 
TIMER 
2 CONTROL 
REGISTER 


(VECTOR 
TYPE xxxx(101) 


TIMER 
1 CONTROL 
REGISTER 


(VECTOR 
TYPE xxxxx1 00) 


OMA 1 CONTROL 
REGISTER 


(VECTOR 
TYPE xxxxx011) 


OMA 0 CONTROL 
REGISTER 


(VECTOR 
TYPE xxxxx010) 


TIMER 
0 CONTROL 
REGISTER 


(VECTOR 
TYPE xxxxxOOO) 


INTERRUPT 
STATUS 
REGISTER 


INTERRUPT-REQUEST 
REGISTER 


IN·SERVICE 
REGISTER 


PRIORITY-LEVEL 
MASK 
REGISTER 


MASK 
REGISTER 


SPECIFIC 
EOI REGISTER 


INTERRUPT 
VECTOR 
REGISTER 


38H 


36H 


34H 


32H 


30H 


2EH 


2CH 


2AH 


28H 


22H 


20H 


Figure 34. Interrupt Controller Registers 
(Slave Mode) 


15 
14 
13 
8 
7 
6 
5 
4 
3 
2 
1 
0 


0 
0 
0 
I . 
. I 
0 
0 
0 
0 
0 
0 
I VT2 
I VT1 
I VTO 
I 


Figure 35. Specific EOI Register Format 


15 
14 
13 
8 
7 
6 
5 
4 
3 
2 
1 
0 
0 
0 
0 
0 
0 
0 
ITMR21TMR11 
01 
DO 
0 
ITMROI 


Figure 36. In-Service, Interrupt Request, and Mask Register Format 
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Interrupt Controller and Reset 
Interrupt Vector Register 


This register provides the upper five bits of the inter- 
rupt vector address. The format of this register is 
shown in Figure 38. The interrupt controller itself 
provides the lower three bits of the interrupt vector 
as determined by the priority level of the interrupt 
request. 


The format of the bits in this register is: 
tx: 
5-bit field indicating the upper five bits of the 
vector address. 


Priority-Level 
Mask Register 


This register indicates the lowest priority-level inter- 
rupt which will be serviced. 


The encoding of the bits in this register is: 
mx: 
3-bit encoded field indication priority-level val- 
ue. All levels of lower priority will be masked. 


Interrupt Status Register 


This register is defined as in Master Mode except 
that DHLT is not implemented (see Figure 27). 


Upon RESET, the interrupt controller will perform 
the following actions: 
• All SFNM bits reset to 0, implying Fully Nested 
Mode. 
• All PR bits in the various control registers set to 1. 
This places all sources at lowest priority (level 
111). 


• All LTM bits reset to 0, resulting in edge-sense 
mode. 


• All Interrupt Service bits reset to O. 
• All Interrupt Request bits reset to O. 
• All MSK (Interrupt Mask) bits set to 1 (mask). 
• All C (Cascade) bits reset to 0 (non-Cascade). 
• All PRM (Priority Mask) bits set to 1, implying no 
levels masked. 


• Initialized to Master Mode. 


15 
14 
13 
o 
o 
8 
7 
6 
5 
43210 
• 
I 
0 
o 
0 
0 I • 
o 
o 
I MSK I PR2 I PRl I PRO I 


Figure 37. Control Word Format 


15 
14 
13 
8 
7 
6 
5 
4 
3 
2 
1 
0 
0 
0 
0 
I . 
· I 
0 
t4 
t3 
t2 
tl 
to 
0 
0 
0 


Figure 38. Interrupt Vector Register Format 


15 
14 
13 
8 
7 
6 
5 
4 
3 
2 
1 
0 
0 
0 
0 
I . 
· I 
0 
0 
0 
0 
0 
0 
m2 
ml 
mO I 


Figure 39. Priority Level Mask Register 
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Enhanced Mode Operation 


In Compatible Mode the 80C188 operates with all 
the features of the NMOS 80188, with the exception 
of 8087 support (i.e. no numeric coprocessing is 
possible). Queue-Status information is still available 
for design purposes other than 8087 support. 


All the Enhanced Mode features are completely 
masked when in Compatible Mode. A write to any of 
the Enhanced Mode registers will have no effect, 
while a read will not return any valid data. 


In Enhanced Mode, the 80C188 will operate with 
Power-Save and DRAM refresh, in addition to all the 
Compatible Mode features. 


Entering Enhanced Mode 


Enhanced mode can be entered by tying the RESET 
output signal from the 80C188 to the TEST/BUSY 
input. 


Queue-Status Mode 


The queue-status mode is entered by strapping the 
RD pin low. RD is sampled at RESET and if LOW, 
the 80C188 will reconfigure the ALE and WR pins to 
be QSO and QS1 respectively. This mode is avail- 
able on the 80C188 in both Compatible and En- 
hanced Modes. 


DRAM Refresh Control Unit 
Description 


The Refresh Control Unit (RCU) automatically gen- 
erates DRAM refresh bus cycles. The RCU operates 
only in Enhanced Mode. After a-proqrarnmable peri- 
od of time, the RCU generates a memory read re- 
quest to the BIU. If the address generated during a 
refresh bus cycle is within the range of a properly 
programmed chip select, that chip select will be acti- 
vated when the BIU executes the refresh bus cycle. 
The ready logic and wait states programmed for that 
region will also be in force. If no chip select is acti- 
vated, then external ready is automatically required 
to terminate the refresh bus cycle. 


If the HLDA pin is active when a DRAM refresh re- 
quest is generated (indicating a bus hold condition), 
then the 80C188 will deactivate the HLDA pin in or- 
der to perform a refresh cycle. The circuit external to 
the 80C188 must remove the HOLD signal for at 
least one clock in order to execute the refresh cycle. 
The sequence of HLDA going inactive while HOLD is 
being held active can be used to signal a pending 
refresh request. 


All registers controlling DRAM refresh may be read 
and written in Enhanced Mode. When the processor 
is operating in Compatible Mode, they are deselect- 
ed and are therefore inaccessible. Some fields of 
these registers cannot be written and are always 
read as zeros. 


DRAM Refresh Addresses 


The address generated during a refresh cycle is de- 
termined by the contents of the MDRAM register 
(see Figure 40) and the contents of a 9-bit counter. 
Figure 41 illustrates the origin of each bit. 


MDRAM: 
Offset EOH'--__L_....L.._~_'____L_....L.._~_'____L_....L.._..I.__'____'__....L.._..I.___' 


Bits 0-8: 
Reserved, read back as O. 
Bits 9-15: 
MO-M6, are address bits A13-A19 of the 20-bit memory refresh address. These bits should 
correspond to any chip select address to be activated for the DRAM partition. These bits are 
cleared to 0 on RESET. 


Figure 40. Memory Partition Register 


A19 
A1B 
A17 
A16 
A15 
A14 
A13 
A12 
All 
A1D 
A9 
AB 
A7 
A6 
A5 
A4 
A3 
A2 
Al 
AD 
I M6 I !'1S I M4 I M3 I M2 I Ml I MO I 
0 I 
0 I 
0 I CAS I CA71 
CA61 
CAS I CA41 
CA31 
CA21 
CAl I CAO I 
1 I 


M6-MO: 
Bits defined by MDRAM Register 
CA8-CAO: Bits defined by refresh address counter. These bits change according to a linear/feedback 
shift register; they do not directly follow a binary count. 


Figure 41. Addresses Generated by RCU 
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CORAM: 
ON~tE2H'L-~__-L __~ __L-~ 
__-L __~ __L-~ 
__-L __~ __L-~ 
__-L __~~ 


Bits 0-8: 
CO-C8, clock divisor register, holds the number of CLKOUT cycles between each refresh 
request. 


Bits 9-15: 
Reserved, read back as O. 


Figure 42. Clock Pre-Scaler Register 


EORAM: 
ONsetE4H'L-~__-L __~ __L-~ 
__-L __~ __L~ 
__J...__ ~ 
__ L~ 
__J...__ ~--.J 


Bits 0-8: 
Bits 9-14: 
Bit 15: 


TO- T8, refresh clock counter outputs. Read only. 
Reserved, read back as O. 
Enable RCU, set to 0 on RESET. 


Figure 43. Enable RCU Register 


Refresh Control Unit Programming 
and 
Operation 


After programming the MDRAM and the CDRAM 
registers (Figures 40 and 42), the RCU is enabled by 
setting the "E" bit in the EDRAM register (Figure 
43). The clock counter (TO-T8 of EDRAM) will be 
loaded from CO-C8 of CDRAM during T3 of instruc- 
tion cycle that sets the "E" bit. The clock counter is 
then decremented at each subsequent CLKOUT. 


A refresh is requested when the value of the counter 
has reached 1 and the counter is reloaded from 
CDRAM. In order to avoid missing refresh requests, 
the value in the CDRAM register should always be at 
least 18 (12H). Clearing the "E" bit at anytime will 
clear the counter and stop refresh requests, but will 
not reset the refresh address counter. 


POWER-SAVE 
CONTROL 


Power Save Operation 


The 80C188, when in Enhanced Mode, can enter a 
power saving state by internally dividing the proces- 
sor clock frequency by a programmable factor. This 
divided frequency is also available at the CLKOUT 


pin. The PDCON register contains the two-bit fields 
for selecting the clock division factor and the enable 
bit. 


All internal logic, including the Refresh Control Unit 
and the timers, will have their clocks slowed down 
by the division factor. To maintain a real time count 
or a fixed DRAM refresh rate, these peripherals must 
be re-programmed when entering and leaving the 
power-save mode. 


The power-save mode is exited whenever an inter- 
rupt is processed by automatically resetting the en- 
able bit. If the power-save mode is to be re-entered 
after serving the interrupt, the enable bit will need to 
be set in software before returning from the interrupt 
routine. 


The internal clocks of the 80C188 will begin to be 
divided during the T3 state of the instruction cycle 
that sets the enable bit. Clearing the enable bit will 
restore full speed in the T3 state of that instruction. 


At no time should the internal clock frequency be 
allowed to fall below 0.5 MHz. This is the minimum 
operational frequency of the 80C188. For example, 
an 80C188 running with a 12 MHz crystal (6 MHz 
CLOCKOUT) should never have a clock divisor 
greater than eight. 
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PDCON: 
Offset FOH'--__'__~_'____'__~_'____'__~_'____'__...J...._L..___'__...J...._L..___.J 


Bits 0-1: 
Clock Divisor Select 
F1 
FO 
Division Factor 
o 
0 
divide by 1 
o 
1 
divide by 4 
1 
0 
divide by 8 
1 
1 
divide by 16 
Reserved, read back as zero. 
Enable Power Save Mode. Set to zero on RESET. 
Bits 2-14: 
Bit 15: 


ONCETM Test Mode 


Figure 44. Power-Save Control Register 


The ONCE mode is selected by tying the UC"S and 
the [CS 
LOW during RESET. These pins are sam- 
pled on the low-to~~h 
transition of the RES pin. 
The UC"S and the L 
pins have weak internal pull- 
up resistors similar to the RD and TEST pins to guar- 
antee normal operation. 


To facilitate testing and inspection of devices when 
fixed into a target system, the 80C188 has a test 
mode available which allows all pins to be placed in 
a high-impedance state. ONCE stands for "ON Cir- 
cuit Emulation". When placed in this mode, the 
80C188 will put all pins in the high-impedance state 
until RESET. 
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UMHZr01 
Xt 
lC2 


UCS 
.--- 
7.AC373 
ADDRESS 
RESET 


RES 
ADO-AD7, t-. F'::: t= 


ROM 


AI-At5 
ALE 
I 
~ 
i 


IOCt •• 
~ 


Ill) 
WII 
I 
PIIOGRAM 
I 
RAM 


~3 


SRDYr- 


sv 


ARDY,.. 
~ 
~ 
HOLD* 


I, 
f-- 
LOW RAM 


mI 
I 
I 
TMR INO I--.sv 
r 


TMR OUT 0 
• 
~ 
ClOCK 


7•• C2" 
~ 
<:==> 
:) TRANSCEIVER 
~ 
00-07 


DEN -;:»--- DOl 


SERIAL 


, 
t 


110 
DTIIi 
~ 
At 
A2 


INTO 
T 


DISK 
<:=:>001 
INTERFACE 
INTt 
HARDWARE 
IiB4 
DRQO 


SK 


270432-21 


Figure 45, Typlcal80C188 
Computer 
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ABSOLUTE 
MAXIMUM 
RATINGS· 
NOTICE: This is a production data sheet. The spe~ 
cations are subject to change without notice. 
.~ 
Ambient 
Temperature 
under Bias 
.... 
O·C to + 70·C 


Storage T-emperature 
- 65·C to + 150·C 


Voltage 
on Any Pin with 
Respect 
to Ground 
-1.0V 
to + 7.0V 


Package 
Power Dissipation 
1W 


Not to exceed 
the maximum 
allowable 
die temperature 
based 
on ther- 
mal resistance 
of the package. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 
tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


NOTICE- 
This data sheet is only valid for de- 


vices indicated 
in 
the 
Specification 
Level 
Markings section. Specifications contained in 
the following tables are subject to change. 


D.C. CHARACTERISTICS 
TA = O·C to + 70·C, vcc = 5V ± 10% except vcc = 5V ± 5% at f > 12.5 MHz 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


Vll 
Input Low Voltage 
(Except X1) 
-0.5 
0.2Vcc 
- 
0.3 
V 


VIL2 
Clock Input Low Voltage 
(X1) 
-0.5 
0.6 
V 


VIH 
Input High Voltage 
0.2Vcc 
+ 0.9 
vcc + 0.5 
V 
(All except X1, RES, 
ARDY and SRDY) 


VIHl 
Input High Voltage 
(RES) 
3.0 
VCC + 0.5 
V 


VIH2 
Input High Voltage 
(SRDY, ARDY) 0.2Vcc 
+ 1.1 
vcc +0.5 
V 


VIH3 
Clock Input High Voltage 
(X1) 
3.9 
vcc + 0.5 
V 


VOl 
Output Low Voltage 
0.45 
V 
IOl = 2.5 mA (SO, 1, 2) 
IOl = 2.0 mA (others) 


VOH 
Output High Voltage 
2.4 
Vcc 
V 
IOH = -2.4 
mA @ 2.4V(4) 


vcc - 
0.5 
Vcc 
V 
IOH = -200 
/LA @vcc -0.5 


Icc 
Power Supply Current 
150 
mA 
@16MHz,O·C 
vcc = 5.25V(3) 


120 
mA 
@12.5 MHz, O·C 


.: 
vcc = 5.5V(3) 


I 
100 
mA 
@10MHz,O·C 
vcc = 5.5V(3) 


III 
Input Leakage Current 
±10 
/LA 
@0.5MHz 
0.45V s VIN ~ VCC 


ILO 
Output 
Leakage Current 
±10 
/LA 
@0.5MHz 
0.45V s VOUT ~ VCC<l) 


VCl(J 
Clock Output Low 
0.45 
V 
IClO = 4.0mA 


VCHO 
Clock Output High 
VCC - 
0.5 
V 
ICHO = - 500 /LA 


CIN 
Input Capacitance 
10 
pF 
@ 1 MHz(2) 


CIO 
Output or 1/0 Capacitance 
20 
pF 
@ 1 MHz(2) 


NOTES: 
1. Pins being floated during HOLD or by invoking the ONCE Mode. 
2. Characterization conditions are a) Frequency = 1 MHz; b) Unmeasured pins at GND; c) VIN at +5.0V or 0.45V. This 
parameter is not tested. 
3. Current is measured with the device in RESET with Xl and X2 driven and all other non-power pins open. 
4. RD/asMD, ucg, ~, 
~ 
pins have internal pullup devices. loading some of these pins above IOH = -200,...A can 
cause the 80C188 to go into alternative modes of operation. See the section on local Bus Controller and Reset for details. 


1-324 


intJ 
80C188 


POWER SUPPLY CURRENT 
Typical current is given by lee (typ.) = 6.4 mA X 
freq. (MHz) +4.0 mA. "Typicals" are based on a 
limited number of samples taken from early manu- 
facturing lots measured at vcc = 5V and room tem- 
perature. "Typicals" are not guaranteed. 


Current is linearly proportional to clock frequency 
and is measured with the device in RESET with X1 
and X2 driven and all other non-power pins open, 


Maximum current is given by tee = 8.4 mA x freq. 
(MHz) + 15 mA. 


Clock Frequency (MHz) 
270432-28 


160 r--.-'---'---~-"" 


8 
12 
16 


120 1---+--+---:;~---1 


lee(mA) 
801----+--7"'1-----",1£----1 


Figure 46. lee vs Frequency 
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A. C. CHARACTERISTICS 


MAJOR CYCLE TIMINGS (READ CYCLE) 


o 
0 
TA = 0 
C to + 70 
C, VCC = 5V ± 10% except VCC = 5V± 
5% at f > 12.5 MHz 


All timings are measured at 1.5V and 100 pF loading on ClKOUT 
unless otherwise noted. 


All output test conditions are with CL = 50·200 pF (10 MHz) and CL = 50-100 pF (12.5-16 MHz). 
For A.C. tests, input VIL = 0.45V and ~H ~ 2.4V except at Xl where "iH = Vcc - 0.5V. 


Symbol 
Parameter 
8OCI88 
8OCI88-12 
8OCI88-16 
Unit 
Test 


Mln 
Max 
Mln 
Max 
Mln 
Max 
Conditions 


8OCI88 
GENERAL 
TIMING 
REQUIREMENTS 
{Listed 
More Than 
Once\ 


TOVCL 
Data in Setup (ND) 
15 
15 
15 
ns 


TCLDX 
Data in Hold (ND) 
3 
I 
I 
3 
I 
I 
3 
I 
ns 


8OCI88 
GENERAL 
TIMING 
RESPONSES 
(Listed 
More Than 
Once) 
TCHSV 
Status Active Delay 
5 
45 
5 
35 
5 
31 
ns 


TCLSH 
Status Inactive Delay 
5 
46 
5 
35 
5 
30 
ns 


TCLAV 
Address 
Valid Delay 
5 
44 
5 
36 
5 
33 
ns 


TCLAX 
Address 
Hold 
0 
0 
0 
ns 


TCLDV 
Data Valid Delav 
5 
40 
5 
36 
5 
33 
ns 


TCHOX 
Status Hold Time 
10 
10 
10 
ns 


TCHLH 
ALE Active Delav 
30 
25 
20 
ns 


TLHLL 
ALE Width 
TCLCL - 15 
TCLCL - Hi 
TCLCL_1C; 
ns 


TCHLL 
ALE Inactive Delay 
30 
25 
20 
ns 


TAVLL 
Address 
Valid to ALE Low 
TCLCH - 18 
TClCH 
- 15 
TClCH 
- 15 
Equal 


ns 
Loading 


TlLAX 
Address 
Hold from ALE 
TCHCl 
-15 
TCHCl 
- 15 
TCHCl 
- 15 
ns 
Equal 
Inactive 
Loadina 


T••v,,~ 
Address 
Valid to Clock Hiah 
0 
0 
0 
ns 


TCLAZ 
Address 
Float Delay 
TClAX 
30 
TClAX 
25 
TClAX 
20 
ns 


TClCSV 
Chip-Select 
Active Delay 
3 
42 
3 
33 
3 
30 
ns 


TCXCSX 
Chip-Select 
Hold from 
TClCH 
-10 
TClCH 
- 10 
TClCH 
- 10 
ns 
Equal 


Command 
Inactive 
Loadina 


TCHCSX 
Chip-Select 
Inactive Delay 
5 
35 
5 
30 
5 
25 
ns 


TOXOl 
DEN Inactive to DTiR Low 
0 
0 
0 
ns 
Equal 


Loadino 


TCVCTV 
Control Active Delay 1 
3 
44 
3 
37 
3 
31 
ns 


TCVOEX 
DEN Inctive Delay 
5 
44 
5 
37 
5 
31 
ns 


TCHCTV 
Control Active Delay 2 
5 
44 
5 
37 
5 
31 
ns 


TCllV 
LOCK Valid/Invalid 
Delay 
3 
40 
3 
37 
3 
35 
ns 


8OC188 TIMING 
RESPONSES 
(Read Cvcle) 


TAZRL 
Address 
Float to RD Active 
0 
0 
0 
ns 


TClRl 
RD Active Delav 
5 
44 
5 
37 
5 
31 
ns 


TRlRH 
RD Pulse Width 
2TClCl 
- 30 
2TClCl 
-25 
2TClCl 
- 25 
ns 


TClRH 
RD Inactive 
Delay 
5 
44 
5 
37 
5 
31 
ns 


TRHlH 
RD Inactive to ALE High 
TClCH 
-14 
TClCH 
- 14 
TClCH 
-14 
ns 
Equal 


Loading 
ITRHAV 
RD Inactive 
to Address 
TClCl 
- 15 
TClCl 
-15 
TClCL 
- 15 
Equal 
ns 
Active 
Loading 


270432-33 
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A.C. CHARACTERISTICS 


READ 
CYCLE 
WAVEFORMS 


CLKOUT 


S2-SO 


RFSH, 
A19/S6· 
A16/S3 


A15· 
AS 


AD7· 
ADO 


LCS, MCS, UCS, 


PCS 
(Note 2) 


RD 


~ 


.r----; 
Ir----; 


~~ 
~ 
----' 
I\-..J 
I~ 


.... 
I+-TCHSV 
... 
I+" TCLSH(Note 
1) 


~ 
STATUS 
IIIII 
\ 


TCLA~-.I 
::l I+-~CLOY 
I 
I 
I 
.•.. 
I4-TCLAX 
... 
~TCHOX 


RFSH, A19·16 
RFSH, S6-S3 


- 
~ 


~TLHLL 
f--+t.... 
...•• TLJx 
I 
"r 
j 
y 


HLH.••• 
1+= 
I...• 
~CHLL 
I 
TDVCL"'I:;=!~_ 
TAVLL I+-- ~ 
\+-TCLAZ 
T<;LD) 
Ir 
A7·AO 


~tl 
~ 
TAVCH'" 
I+- 
r. ~ TAZRL 
TRHLH 


TRHAV 


TCLRL 
TRLRH 
TCLRH.••• 
~ 
TCLCSV ~ 
} 


--, 
Tcxcsx 
1 
-+ 
TCHCSX 
TCVCTV-t 
_ I+- 
TCVDEX 
••• 
I+- 


~~ 
TDXDL (Note 3) 
, 
1 


-+l 
1+ TCHCTV 
TCHCTV (Note 5) .••• 
,- 
~ 
.... 
~TCLLV 
TCLLV (Note 4) 
~ 


- 
) 
I 


1 


-- 
I 


ALE 


TC 


DEN 


DT/R 


270432-34 


NOTES: 
1_ Status 
inactive 
in state preceding 
T4. 
2. If latched 
A1 and A2 are selected 
instead 
of ~ 
and PC"S6, only TCLCSV is applicable. 
3. For write cycle 
followed 
by read cycle. 
4. T 1 of next bus cycle. 
5. Changes 
in T-state 
preceding 
next bus cycle 
if followed 
by write, 
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A. C. CHARACTERISTICS 


MAJOR CYCLE TIMINGS (WRITE CYCLE) 


o 
0 
TAsO 
C to 
+70 
C,VCC=.5V± 
10%exceptVccc 
5V± 
5%atf> 
12.5MHz 


All timings are measured at 1.SV and 100 pF loading on CLKOUT unless otherwise noted. 
All output test conditions are with CL = SO-200 pF (10 MHz) and CL" 
SO-lOO pF (12.S-16 
MHz). 


For A.C. tests, input V1L = O.4SV and ~H = 2.4V except at Xl where V1H= V CC- O.SV. 


, 


8OC188 
8OC188-12 
8OC188-16 
Test 
Symbol 
Parameter 
Unit 
Mln 
Max 
Mln 
Max 
Mln 
Max 
Conditions 


8OC188 GENERAL 
TIMING 
RESPONSES 
(Listed 
More Than 
Once) 


TCHSV 
Status Active Delay 
5 
45 
5 
35 
5 
31 
ns 


TCLSH 
Status Inactive Delay 
5 
46 
5 
35 
5 
30 
ns 


TCLAV 
Address 
Valid Delay 
5 
44 
5 
36 
5 
33 
ns 


TClAX 
Address 
Hold 
0 
0 
0 
ns 


TCLDV 
Data Valid Delay 
- 
5 
ns 
5 
40 
36 
5 
33 


TCHDX 
Status Hold Time 
10 
10 
10 
ns 


TCHLH 
ALE Active Delay 
30 
25 
20 
ns 


TLHLL 
ALE Width 


lc~ 


TCLCL -15 
TCLCL ·15 
TCLCL ·15 
ns 


TCHLL 
ALE Inactive Delay 
30 
25 
20 
ns 


TAVLL 
Address 
Valid to ALE Low 
TCLCH -18 
TCLCH -15 
TCLCH - 15 
ns 
Equal 
Loading 


TLLAX 
Address 
Hold from ALE 
TCHCL - 15 
TCHCL - 15 
TCHCL - 15 
ns 
Equal 


Inactive 
Loadinn 


TAVCH 
Address 
Valid to Clock High 
0 
0 
0 
ns 


TCLDOX 
Data Hold Time 
3 
3 
3 
ns 


TcVCTV 
Control Active Delay 1 
3 
44 
3 
37 
3 
31 
ns 


TCVCTX 
Control 
Inactive Delav 
3 
44 
3 
37 
3 
31 
ns 


TCLCSV 
Chip-Select 
Active Delay 
3 
42 
3 
33 
3 
30 
ns 


Icxcsx 
Chip-Select 
Hold from 
TCLCH -10 
TCLCH -10 
TCLCH - 10 
ns 
Equal 


Command 
Inactive 
Loading 


TCHCSX 
Chip-Select 
Inactive 
Delay 
5 
35 
5 
30 
5 
25 
ns 


TDXDL 
DEN Inactive to DT/A Low 
0 
0 
0 
ns 
Equal 
Loading 


TCLLV 
LOCK Valid/Invalid 
Delay 
3 
40 
3 
37 
3 
35 
ns 


8OC188 TIMING 
RESPONSES 
(Write 
Cycle) 


TWlWH 
WR Pulse Width 
2TCLCL - 30 
2TCLCL - 25 
2TCLCL - 25 
ns 


TWHLH 
WR Inactive to ALE High 
TCLCH -14 
TCLCH - 14 
TCLCH -14 
ns 
Equal 


Loading 


TWHDX 
- 
TCLCL - 34 
TCLCL - 20 
TCLCL - 20 
Equal 
Data Hold After WR 
ns 
Loading 


TWHDEX 
WR Inactive to DEN Inactive 
TCLCH -10 
TCLCH -10 
TCLCH -10 
ns 
Equal 
Loadinn 


270432-35 
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intJ 
80C188 


A.C. CHARACTERISTICS 


WRITE 
CYCLE 
WAVEFORMS 


CLKOUT 


A19/S6 • A16/S3 


A15· A8 


AD7·ADO 


WR 


TWLWH 


LCS, MCS, UCS, 


PCS 
(Note 2) 


TCVCTV 


DEN 


DT/R 


LOCK 


270432-36 


NOTES: 
1. Status 
inactive 
in state preceding 
T4. 


2. If latched 
A1 and A2 are selected 
instead 
of ~ 
and ~, 
only TCLCSV is applicable. 


3. For write cycle 
followed 
by read cycle. 


4. T 1 of next bus cycle. 
5. Changes 
in T·state 
preceding 
next bus cycle 
if followed 
by read, INTA, or halt. 
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80C188 


A. C. CHARACTERISTICS 


MAJOR CYCLE TIMINGS (INTERRUPT ACKNOWLEDGE CYCLE) 


TA = 0° C to + 70° C, VCC= 
5V ± 10% except V CC= 5V ± 5% at f> 
12.5 MHz 


All timings are measured at 1.5V and 100 pF loading on CLKOUT 
unless otherwise noted. 
All output test conditions are with CL = SO-200 pF (10 MHz) and C L= SO-lOO pF (12.S-16 MHz). 
For A.C. tests, input V IL = 0.4SV and "'H = 2.4V except at XI where V1H= VCC- O.SV. 


Symbol 
Parameter 
8OC188 
8OC188-12 
8OC188-16 
Unit 
Test 


Mln 
Max 
Mln 
Max 
Mln 
Max 
Conditions 


8OC188 GENERAL 
llMING 
REQUIREMENTS 
(Listed 
More Than Once) 


TOVCL 
Data in Setup (AID) 
15 
15 
15 
ns 


TCLOX 
Data in Hold (AlDl 
3 
3 
3 
ns 


8OC188 GENERAL 
TIMING 
RESPONSES 
(Listed 
More Than Once) 


TCHSV 
Status Active Delay 
5 
45 
5 
35 
5 
31 
ns 


TCLSH 
Status Inactive Delay 
5 
46 
5 
35 
5 
30 
ns 


TCLAV 
Address 
Valid Delay 
5 
44 
5 
36 
5 
33 
ns 


TAVCH 
Address 
Valid to Clock High 
0 
0 
0 
ns 


TCLAX 
Address 
Hold 
0 
0 
0 
ns 


TCLDV 
Data Valid Delay 
5 
40 
5 
36 
5 
33 
ns 


TCHOX 
Status Hold Time 
10 
10 
10 
ns 


TCHLH 
ALE Active Delay 
30 
25 
20 
ns 


TLHLL 
ALE Width 
TCLCL - 15 
TCLCL - 15 
TClCl 
- 15 
ns 


TCHlL 
ALE Inactive Delay 
30 
25 
20 
ns 


TAVlL 
Address 
Valid to ALE Low 
TCLCH -18 
TCLCH - 15 
TCLCH - 15 
ns 
Equal 
Loading 


TLLAX 
Address 
Hold from ALE 
TCHCL - 15 
TCHCL -15 
TCHCL - 15 
ns 
Equal 
Inactive 
Loadinn 


TCLAZ 
Address 
Float Delay 
TClAX 
30 
TCLAX 
25 
TClAX 
20 
ns 


TcVCTV 
Control Active Delay 1 
3 
44 
3 
37 
3 
31 
ns 


TCVCTX 
Control Inactive Delay 
3 
44 
3 
37 
3 
31 
ns 


TOXOL - 
Equal 
DEN Inactive to DTiR Low 
0 
0 
0 
ns 
Loadino 


TCHCTV 
Control Active Delay 2 
5 
44 
5 
37 
5 
31 
ns 


Icvosx 
DEN Inctive Delay 
5 
44 
5 
5 
ns 
(Non-Write 
Cycles) 
37 
31 


TCLlV 
COCK Valid/Invalid 
Delay 
3 
40 
3 
37 
3 
35 
ns 


270432-37 
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80C188 


A. C. CHARACTERISTICS 
INTERRUPT ACKNOWLEDGE CYCLE WAVEFORMS 


CLKOUT 


T 
3 Tw 


52-SO 


A19/56 
- A16/53 


A15-A8 


ALE 


AD7-ADO 


DEN 


TDXDL(Note 4) 


DT/R 


LOCK 
T~ 


(Note 5) 


TCLLV 


NOTE5: 


1. Status inactive 
in state preceding IL:.. 
__ 


2 The data hold time lasts only untillNTA 
goes inactive, even if the INTA transition 
occurs prior to T CLDX(min). 
3. 
INTA occurs one clock later in Slave Mode. 


4. For write cycle followed 
by interrupt acknowledge 
cycle. 


5. LOCK is active upon T, of the first interrupt acknowledge 
cycle and inactive upon T2 of the 
second interrupt 
acknowledge 
cycle. 


6. Changes 
in T-state 
preceding 
next bus cycle if followed 
by write. 


270432-38 
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A. C. CHARACTERISTICS 


SOFTWARE 
HALT CYCLE TIMINGS 


o 
0 
TA=O 
C to +70 
C,VCC= 
5V±10%exceptVcc=5V±5%atf>12.5MHz 


All timings 
are measured 
at 1.5V and 
100 pF loading 
on CLKOUT 
unless 
otherwise 
noted. 


All output 
test conditions 
are with 
CL 
Z 50-200 
pF (10 MHz) and CL = 50-100 
pF (12.5-16 
MHz). 


For A.C. 
tests, 
input 
VIL = 0.45V 
and 
VIH= 
2.4V 
except 
at XI where 
VIH= VCC- 0.5V. 


_. 


8OC188 
8OC188-12 
8OCI88-16 
Unit 
Test 
Symboi 
Parameter 
Min 
Max 
Min 
Max 
Min 
Max I 
Conditions 


8OC188 GENERAL 
TIMING 
RESPONSES 
(Listed 
More Than Once) 


TCHSV 
Status Active Delay 
5 
45 
5 
35 
5 
31 
ns 


TCLSH 
Status Inactive Delay 
5· 
46 
5 
35 
5 
30 
ns 


TCLAV 
Address 
Valid Delav 
5 
44 
5 
36 
5 
33 
ns 


TCHLH 
ALE Active Delav 
30 
25 
20 
ns 


TLHLL 
ALE Width 
TCLCL - 15 
TCLCL - 15 
TCLCL - 15 
ns 


TCHLL 
ALE Inactive 
Delay 
30 
25 
20 
ns 


TOXOL 
DEN Inactive to DT/R Low 
0 
0 
0 
ns 
Equal 


Loading 


TCHCTV 
Control Active Delay 2. 
5 
44 
5 
37 
5 
31 
ns 


SOFTWARE 
HALT 
CYCLE WAVEFORMS 


INVALID 
ADDRESS 


CLKOUT 


52-SO 


A19/S6-A16/S3, 
AI5-A8, 
AD7-ADO 


ALE 


DEN 


TOXOL(Note 1) 


DT/R 


NOTE: 
TCHCTV 


1. For write cycle followed 
by halt cycle. 


270432-39 
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A. C. CHARACTERISTICS 


CLOCK TIMINGS 


All timings 
are measured 
at 1.SV and 
100 pF loading 
on ClKOUT 
unless 
otherwise 
noted. 


All output 
test conditions 
are with 
CL = SO-200 pF (10 MHz) 
and CL = SO-lOO pF (12.S-16 
MHz). 


For A.C. 
tests, 
input 
V,L = 0.4SV 
and V'H= 
2.4V 
except 
at Xl 
where 
V,H= VCC- O.SV. 


Symbol 
Parameter 
8OC188 
8OC188-12 
BOC188-16 
Unit 
Test 


Mln 
Max 
Mln 
Max 
Mln 
Max 
Conditions 


8OC188 ClKIN 
REQUIREMENTS 
Measurements 
taken with lollowing 
conditions: 
External clock input to XI and X2 not 
connected 
(1Ioat) 


TCKIN 
CLKIN Period 
50 
1000 
40 
1000 
31.25 
1000 
ns 


TCLCK 
CLKIN Low Time 
20 
16 
13 
ns 
1.5 V(2) 


TCHCK 
CLKIN High Time 
20 
16 
13 
ns 
1.5 V(2) 


TCKHL 
CLKIN Fall Time 
5 
5 
5 
ns 
3.5 to 1.0V 


TCKLH 
CLKIN Rise TIme 
5 
5 
5 
ns 
1.0to 3.5V 


BOC188 CLKOUT 
TIMING 


TclCO 
CLKIN to CLKOUT 
Skew 
25 
21 
17 
ns 


TCLCL 
CLKOUT 
Period 
100 
2000 
80 
2000 
62.5 
2000 
ns 


TCLCH 
CLKOUT 
Low Time 
0.5 TCLCL -8 
0.5 TCLCL -7 
0.5 TCLCL -7 
ns 
CE'00pF(2) 


0.5 TCLCL -6 
0.5 TCLCL -5 
0.5 TCLCL -5 
ns 
CL=50pF(3) 


TCHCL 
CLKOUT 
High Time 
0.5 TCLCL -8 
0.5 TCLCL -7 
0.5 TCLCL ·7 
ns 
CE'00pF(4) 


0.5 TCLCL -6 
0.5 TCLCL -5 
0.5 TCLCL -5 
ns 
CL=5OpF(3) 


TCH1CH2 
CLKOUT 
Rise Time 
10 
10 
10 
ns 
1.0 to 3.5V 


TCL2CL1 
CLKOUT 
Fall Time 
10 
10 
10 
ns 
3.5 to 1.0V 


NOTES: 


1. TCLCK and T CHCK (CLKIN Low and High times) should not have a duration less than 40% 01T CKIN 
2. Tested under worst case conditions: 
VCC = 5.5V (5.25V @ 16 MHz). TA 270 
<>C. 
3. Not Tested. 
4. Tested under worst case conditions: 
VCC = 4.5V (4.75V @ 16 MHz). TA = OoC. 


CLOCK WAVEFORMS 


I+--------TCLCL.---------~ 


CLKOUT 


T CH1CH2 
T CL2CL1 


I+---TCLCHI-----liol+-----TCHCL----.I 


270432-40 
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A. C. CHARACTERISTICS 


READY, PERIPHERAL, AND QUEUE STATUS TIMINGS 


TA = 0° C to + 7rf 
C, VCC· 
5V± 
10% except V cc. 5V± 
5% at f> 12.5 MHz 


All timings 
are measured 
at 1.SV and 
100 pF loading 
on CLKOUT 
unless 
otherwise 
noted. 


All output 
test conditions 
are with CL = SO-2OO pF (10 MHz) and 
CL = 50-100 
pF (12.S-16 
MHz). 


For A.C. tests, 
input 
V1L • 0.4SV 
and V1H= 2.4Vexcept 
at Xl where 
V1H- VCC- O.SV. 


Symbol 
Parameter 
8OC188 
8OC188-12 
8OC188-16 
Unit 
Test 


Mln 
Mex 
Mln 
MIx 
Mln 
MIx 
Conditions 


8OC188 READY AND PERIPHERAL 
TIMING 
REQUIREMENTS 


TSRYCL 
Synchronous 
Ready(SRoY) 
15 
15 
15 
ns 
Transition setuo Time 
(1) 


TCLSRY 
SRoy 
Transition 
Hold 
15 
15 
15 
Time (1) 
ns 


TARYCH 
ARoy 
Resolution 
Transition 
15 
15 
15 
ns 
Setup Time 
(2) 


TCLARX 
ARoy 
Active Hold Time (1) 
15 
15 
15 
ns 


TARYCHL 
ARoy 
Inactive Holding Time 
15 
15 
15 
ns 


TARYLCL 
Asynchronous 
Ready 
25 
25 
25 
ns 
(ARoY) 
Setup Time (1) 


TINVCH 
INTx, 
NMI, TEST/BUSY, 
15 
15 
15 
ns 
TMR IN Setup Time 
(2) 


TINVCL 
oRQO, oao- Setup 
15 
15 
15 
ns 
Time(2) 


8OC188 PERIPHERAL 
AND QUEUE 
STATUS 
TIMING 
RESPONSES 


TCLTMV 
Timer Output Delay 
40 
33 
27 
ns 


TCHOSV 
Queue Status Delay 
37 
32 
30 
ns 


NOTES: 
1. To guarantee 
proper operation. 


2. To guarantee 
recognition 
at clock edge. 


SYNCHRONOUS READY (SRDy) WAVEFORMS 


CLKOUT 


SRDY 


270432-41 
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A. C. CHARACTERISTICS 


ASYNCHRONOUS READY (ARDY) WAVEFORMS 


CLKOUT 


ARDY 
(Normally Not 
Ready Syatem) 


ARDY 1 
(Normally Ready 
System) 
------------~------~I 


PERIPHERAL AND QUEUE STATUS WAVEFORMS 


DRQO,DRQ1 


TIME ROUT 


aso,QS1 


270432-42 
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A. C. CHARACTERISTICS 


RESET AND HOLD/HLDA TIMINGS 


o 
0 
TA-O 
C to +70 
C.VCC= 
5V 
±10%exceptVcc=5V 
±5%atf> 
12.5MHz 


All timings 
are measured 
at 1.5V and 
100 pF loading 
on CLKOUT 
unless 
otherwise 
noted. 


All output 
test conditions 
are with 
Cl 
- 50-200 
pF (10 MHz) and Cl 
- SO-lOO pF (12.5-16 
MHz). 


For A.C. 
tests. 
input 
V1l = 0.45V 
and V1H= 2.4V 
except 
at XI where 
V1H= V CC- O.SV. 


AlIC1AA 
80C1AA-12 
--- ._- .- 
Test 
Symbol 
Parameter 
Unit 
Mln 
Max 
Mln 
Max 
Mln 
Max 
Conditions 


aoC188 RESET AND HOLDIHLDA nMING 
REQUIREMENTS 


TRESIN 
RESSetuD 
15 
15 
15 
ns 


THVCl 
HOLD Setup (1) 
15 
15 
15 
ns 


8OC188 GENERAL nMlNG 
RESPONSES (Listed More Than Once) 


TCLAZ 
Address 
Float Delay 
TCLAX 
30 
TClAX 
25 
TClAX 
20 
ns 


TCLAV 
Address 
Valid Delay 
5 
44 
5 
36 
5 
33 
ns 


8OC188 RESET AND HOLDIHLDA nMING RESPONSES 


TClRO 
Reset Delay 
40 
33 
27 
ns 


TClHAV 
HLDA Valid Delay 
3 
40 
3 
33 
3 
25 
ns 


TCHCZ 
Command 
Lines Float 
40 
33 
28 
Delay 
ns 


TCHCV 
Command 
Lines Valid Delay 
44 
36 
32 
(after Float) 
ns 


NOTE: 
1. To guarantee 
recognition 
at next clock. 


RESET WAVEFORMS 


CLKOUT 
1"\. 
," 


RESET ------------------------~~ 


270432-4~ 


1-336 


intJ 
80C188 


A. C. CHARACTERISTICS 


HOLD/HLDA 
WAVEFORMS 
(Entering 
Hold) 


CLKOUT 


HOLD 


HLDA 


A15· A8, 
AD7·ADO, 
DEN 


A19/S6 - A16/S3, 
RD, WR, RFSH, 
DT/A, 52 - SO, 
LOCK 


Tj 


80C188 
TCHCZ 


HOLD/HLDA 
WAVEFORMS 
(Leaving 
Hold) 


CLKOUT 


HOLD 


HLDA 


A15· A8, 


AD7-ADO, 


DEN 


A19/S6 - A16/S3, 
RD, WR, RFSH, 
DT/A,52 
- SO, 
LOCK 


80C188 


8OC188 


270432-44 
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80C188 


EXPLANATION 
OF THE AC SYMBOLS 


Each timing symbol 
has from 5 to 7 characters. 
The first character 
is always a "T" 
(stands for time). The other 
characters, 
depending 
on their positions, 
stand for the name of a signal or the logical status of that signal. The 
following 
is a list of all the characters 
and what they stand for. 


A: Address 


ARY: Asynchronous 
Ready Input 


C: Clock Output 


CK: Clock 
Input 


CS: Chip Select 


CT: Control 
(DT lA, DEN, ... ) 


0: Data Input 


DE: DEN 


H: Logic Level High 


IN: Input (DROO, TIMO, ... ) 


L: Logic Level Low or ALE 


0: Output 


OS: Oueue Status 
(OS1, OS2) 


R: RD Signal, RESET Signal 


S: Status 
(SO, S1, S2) 


SRY: Synchronous 
Ready Input 


V: Valid 


W: WR Signal 


X: No Longer a Valid Logic Level 


Z: Float 


Examples: 


TCLAV- 
Time from Clock 
Low to Address 
Valid 


TCHLH- 
Time from Clock High to ALE High 


TCLCSV- Time from Clock 
Low to Chip Select 
Valid 
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Typical 
Output Delay Capacitive 
Derating 
a 


7 


6 


5 


50 
75 
100 125 
150 175 


CapacitiveLoad (pr) 
270432-30 


4 


3 


2 


x = h:gh-t~-Iow 
- 
0= low-to-hlgh 


/ 
/'/ 


.;~ 


lP" 
o 


Figure 47. Capacitive 
Derating 
Curve 


Capacitive Load (pr) 
270432-31 


Typical 
Rise and Fall Times for TTL Voltage 
Levels 
a 


7 


6 


5 


3 


2 


t- x=iv 
to lo.av 
o=o.av 
to 2V 
.....•...• 
/ 


.....•...•I---- J..,..-l ~ 
(•... 
"""""'" 
V 
~ 


o 
50 
75 
100 
125 
150 
175 


Figure 48. TTL Level Slew Rates for Output Buffers 


CapacitiveLoad (pr) 
270432-32 


Typical 
Rise and Fall Times for CMOS Voltage 
Levels 


16 


14 


12 


10 


6 


4 


2 


o 


v 
~ V 
/' 
-- 
~ 
V .,.V 
V 


X=3.5V to 0.4V 
0= ?4V \0 3.5~ 


50 
75 
100 
125 
150 
175 


Figure 49. CMOS Level Slew Rates for Output Buffers 
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80C188 
EXPRESS 
80C188 
EXECUTION 
TIMINGS 


The Intel EXPRESS 
system offers enhancements 
to 
the operational 
specifications 
of the 80C188 
micro- 
processor. 
EXPRESS 
products 
are 
designed 
to 
meet the needs of those applications 
whose operat- 
ing requirements 
exceed 
commercial 
standards. 


The 80C188 
EXPRESS program 
includes an extend- 
ed temperature 
range. 
With 
the 
commercial 
stan- 
dard 
temperature 
range 
operational 
characteristics 
are guaranteed 
over the temperature 
range of O·C to 
+ 70·C. 
With 
the 
extended 
temperature 
range 
op- 
tion, operational 
characteristics 
are guaranteed 
over 
the range of -40·C 
to + 85·C. 


Package types and EXPRESS versions 
are identified 
by a one or two-letter 
prefix to the part number. The 
prefixes are listed in Table 16. AIIAC 
and DC specifi- 
cations 
not mentioned 
in this section 
are the same 
for both commercial 
and EXPRES~ 
parts. 


Table 16. Prefix 
Identification 


Prefix 
Package 
Type 
Temperature 
Range 


A 
PGA 
commercial 


N 
PLCC 
commercial 


R 
LCC 
commercial 


TA 
PGA 
extended 


TN 
PLCC 
extended 


TR 
LCC 
extended 


NOTE: 
Extended temperature versions of the 80C188 are not 
available at 16 MHz. 


A determination 
of 80C188, program 
execution 
tim- 


ing must consider 
the bus cycles 
necessary 
to pre- 
fetch instructions 
as well as the number of execution 
unit cycles 
necessary 
to execute 
instructions. 
The 
following 
instruction 
timings 
represent 
the minimum 
execution 
time in clock 
cycles 
for each 
instruction. 
The 
timings 
given 
are based 
on the 
following 
as- 
sumptions: 


• 
The opcode, 
along with any data or displacement 
required 
for execution 
of a particular 
instruction, 
has been prefetched 
and resides 
in the queue at 
the time it is needed. 


• 
No wait states or bus HOLDs 
occur. 


All instructions 
which involve 
memory 
accesses 
can 
require one or two additional 
clocks 
above the mini- 
mum timings 
shown due to the asynchronous 
hand- 
shake between 
the bus interface 
unit (BIU) and exe- 
cution 
unit. 


All jumps and calls include the time required 
to fetch 
the opcode 
of the next instruction 
at the destination 
address. 


The 80C188 
8-bit BIU is noticeably 
limited in its per- 
formance 
relative 
to the execution 
unit. A sufficient 
number 
of prefetched 
bytes 
may not reside 
in the 
pretetch queue 
much of the time. Therefore, 
actual 
program 
execution 
time will be substantially 
greater 
than that derived 
from adding the instruction 
timings 
shown. 
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INSTRUCTION 
SET SUMMARY 


Function 
Format 
Clock 
Commenta 
Cyc," 


DATA TRANSFER 
MOY ~ Move: 


Register to RegisterlMemory 
I 
1000100w 
modreg rIm 
2/12' 


Registerlmemory to register 
I 
100010lw 
modreg rIm 
2/9' 


Immediate to registerlmemory 
I 
11000llw 
modOOOrIm 
data 
I 
dataHw~1 
I 
12/13 
SIIS-bit 


Immediate to register 
1011 
w reg 
data 
dataifw~1 
I 
3/4 
S/1S-b~ 


Memory to accumulator 
1010000w 
addr-Iow 
addr-high 
I 
S' 


Accumulator to memory 
101000lw 
addr-Iow 
addr-high 
I 
9' 


RegisterI memory to segment register 
10001110 
modOreg rIm I 
2113 


Segment register to registerI memory 
10001100 
modOreg rIm I 
2/15 


PUSH ~ Push: 


Memory 
I 
11111111 
I mod 110 
rIm I 
20 


Register 
I 
01010reg 
I 
14 


Segment register 
I 
000regll0 
I 
13 


Immediate, 
I 01101080 
I 
data 
I 
datalfs-O 
I. 
14 


PUS!:l6'"!3t\B 
w 
••• .J 
()11()O()OO I 
,.".",!I8 
POP ~ Pop: 


Memory 
I 
10001111 
I modOOO rIm I 
24 


Register 
I 
01011 
reg I 
14 


Segment register 
I 
OOOreglll 
I 
(reg"OI) 
12 


e<)PAiffi'lbP.AlI 
I OUO()OO! 
I 
tti 
fill 


XCHG ~ EXChange: 


Registerlmemory with register 
I 
1000011w 
I 
modreg rIm 
I 
4/17' 


Register with accumulator 
I 
10010reg 
I 
3 


IN ~ Input from: 


Fixed port 
I 
1110010w 
port 
I 
10' 


Variable port 
I 
1110110w 
S' 
OUT ~ Output to: 


Fixed port 
1110011 
w 
port 
I 
9' 


Variable port 
.1110111 
w 
7' 


XLAT ~ Translate byte to AL 
11010111 
15 


LEA ~ Load EA to register 
10001101 
modreg rIm 
I 
6 


LDS ~ Load pointer to DS 
11000101 
modreg rIm 
I 
(mod" 11) 
26 


LES '" Load pointer to ES 
11000100 
modreg rIm 
I 
(mod" 11) 
26 


LAHF ~ Load AH with flags 
10011111 
2 


SAHF ~ Store AH into flags 
10011110 
3 


PUSHF ~ Push flags 
100 11100 
13 


POPF ~ Pop flags 
,00'·,101 
I 
12 


Shaded 
areas indicate 
instructions 
not available 
In 8086, 8088 
rmcrosysterns. 


'NOTE: 
Clock 
cycles 
shown 
for byte transfer. 
For word operations, 
add 4 clock 
cycles 
for all memory 
transfers. 
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inter 
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INSTRUCTION 
SET SUMMARY 
(Continued) 


Function 
Format 
Clock 
Comment. 
Cycl•• 


DATA TRANSFER(Continued) 
SEGMENT~ Segment Override: 


CS 
I 
00tOlll0 
I 
2 


SS 
I 
00110110 
I 
2 


OS 
I 
00111110 
I 
2 


ES 
I 
00100tl0 
I 
2 


ARITHMETIC 
ADD ~ Add: 


Reg/memorywith registerto either 
I OOOOOOdw I 
modreg rIm I 
3/10' 


Immediateto register/memory 
I 
100000sw 
I modOOO rIm I 
data 
I data if s w~ 01 I 
4/16' 


Immediateto accumulator 
I 
0000010w 
I 
data 
I 
data ifw~ 1 
I 
3/4 
8/16-bit 


ADC ~ Add with carry: 


Reg/memorywith registerto either 
I 
000100dw 
I 
modreg rIm I 
3/10' 


Immediateto register/memory 
I 
100000sw 
I modO 10 rIm I 
data 
I data if s w~OI I 
4/16' 


Immediateto accumulator 
I 0001010w 
I 
data 
I 
data it w=j 
I 
3/4 
8/1S-bit 


INC ~ Increment: 


Register/memory 
I 
l111111W 
I modOOO rIm I 
3/15' 


Register 
I 01000reg 
I 
3 


SUB ~ Subtract: 


Reg/memcryand registerto either 
I 
001010dw 
I 
modreg rIm I 
3/10' 


Immediatefrom register/memory 
I 
100000sw 
I modi 01 rIm I 
data 
I data if s w~OI I 
4/16' 


Immediatefrom accumulator 
I 
0010110w 
I 
data 
I 
dataifw~1 
I 
3/4 
8/16-bit 


SBB ~ Subtract with borrow: 


Reg/memory and registerto either 
000110dw 
modreg rIm I 
3/10' 


Immediatefrom register/memory 
100000sw 
modO 11 rIm I 
data 
I data if s w~OI I 
4/16' 


Immediatefrom accumulator 
0001110w 
data 
I 
dataifw~1 
I 
3/4 
8/16-bit 


DEC ~ Decrement 


Register/memory 
l111111w 
modOOl 
rIm I 
3/15' 


Register 
01001 
reg 
3 


CMP ~ Compare: 


Register/memorywith register 
0011101 
w 
modreg rIm 
3/10' 


Registerwith register/memory 
0011100w 
modreg rIm 
3/10' 


Immediatewith register/memory 
100000sw 
modlll 
rIm 
data 
I data if s w~OI I 
3/10' 


Immediatewith accumulator 
0011110w 
data 
dataifw~1 
I 
3/4 
8/16-bit 


NEG ~ Changesign register/memory 
1111011 
w 
modO 11 rIm 
3/10' 


AAA ~ ASCIIadjustfor add 
00110111 
8 


DAA ~ Decimaladjustfor add 
00100111 
4 


AAS ~ ASCIIadjustfor subtract 
00111111 
7 


DAS ~ Decimaladjustfor subtract 
00101111 
4 


Shaded 
areas 
indicate 
Instructions 
not available 
In 8086, 8088 
rnicrosystems. 


'NOTE: 
Clock 
cycles 
shown 
for byte transfer. 
For word operations, 
add 4 clock 
cycles 
for all memory 
transfers. 
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INSTRUCTION 
SET SUMMARY 
(Continued) 


Function 
Format 
Clock 
Commenta 
Cycles 


ARITHMETIC (Continued) 


MUL = Multiply (unsigned): 
I 
1111011 
w I 
mod 100 rIm I 
Register-Byte 
26-28 
Register-Word 
35-37 
Memory-Byte 
32-34 
Memory-Word 
41-43' 


IMUL = Integer multiply (signed): 
I 
1111011 
w I mod 101 
rIm I 
Register-Byte 
25-28 
Register-Word 
34-37 
Memory-Byte 
31-34 
Memory-Word 
40-43' 
.~ 
I 
I 
I 
I 
I 
IMUL •• Irrteger Immediate multiply 
01101081 
modreg rIm 
daIa 
dalaif8~0 
22-25/ 
, (signed) 
29-32 


DIV = Divide (unsigned): 
I 
1111011 
w I mod 110 
rIm I 
Register-Byte 
29 
Register-Word 
38 
Memory-Byte 
35 
Memory-Word 
44' 


IDIV = Integer divide (signed): 
I 
1111011 
w I mod 111 
rIm I 
Register-Byte 
44-52 
Register-Word 
53-61 
Memory-Byte 
50-58 
Memory-Word 
59-67' 


MM 
= ASCII adjust for multiply 
I 
11010100 
I 
00001010 
I 
19 


MD 
= ASCII adjust for divide 
I 
11010101 
I 
00001010 
I 
15 


CBW = Convert byte to word 
I 
10011000 
I 
2 


CWD = Convert word to double word I 
10011001 
I 
4 


LOGIC 
ShlftlRotate 
Instructions: 


RegisterlMemory by 1 
I 1101000w 
I 
modTTTr/m 
I 
2/15 


RegisterlMemory by CL 
I 1101001w 
I 
modTTTr/m 
I 
5+n/17+n 
. 


Rp 
I~Cgynt 
I 110000aw 
I 
modnTr/m 
I 
count 
I 
5+n/17+n 
~ 
...-. 


TTT Instruction 
000 
ROL 
001 
ROR 
010 
RCL 
011 
RCR 
100 
SHL/SAL 
101 
SHR 
111 
SAR 
AND = And: 


Reglmemory and register to either 
I 001000dw 
I 
modreg rIm 
I 
3/10' 


Immediate to registerI memory 
I 1000000w 
I mod 100 
rIm I 
data 
I 
data ifw=l 
I 
4/16' 


Immediate to accumulator 
I 0010010w 
I 
data 
I 
dataifw=l 
I 
3/4 
8/16-bit 


Shaded 
areas 
Indicate 
instructions 
not available 
In 8086, 
8088 rmcrosysterns. 


'NOTE: 
Clock 
cycles 
shown 
for byte transfer. 
For word operations, 
add 4 clock 
cycles 
for all memory 
transfers. 
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INSTRUCTION 
SET SUMMARY 
(Continued) 
I . 


Function 
Format 
Clock 
Comments 
Cycles 


LOGIC(Continued) 
TEST= And function to flags, no result: 


Register/memoryand register 
I 
1000010w 
I 
mod reg rIm I 
3/10' 


Immediatedata and register/memory I 
1111011w 
I modOOO rIm I 
data 
I 
dataifw=1 
I 
4/10' 


Immediatedata and accumulator 
I 
1010100w 
I 
data 
I 
dataifw=1 
I 
3/4 
B/16-bit 


OR=Or: 


Reg/memoryand registerto either 
I 000010dw 
I 
modreg rIm I 
3/10' 


Immediateto register/memory 
I 
1000000w 
I modOOl 
rIm I 
data 
I 
data ifw=1 
I 
4/16' 


Immediateto accumulator 
I 0000110w 
I 
data 
I 
data~w=1 
I 
3/4 
8/1S-bit 


XOR = Exclusive or: 


Reg/memoryand registerto either 
I 001100dw 
I 
modreg rIm I 
3/10' 


Immediateto register/memory 
1000000w 
I mod 11 0 rIm I 
data 
I 
data ifw=1 
I 
4/16' 


Immediateto accumulator 
0011010w 
I 
data 
I 
dataifw=1 
I 
3/4 
8/1S-bit 


NOT = Invertregister/memory 
1111011 
w I modO 10 rIm I 
3/10' 


STRINGMANIPULATION 


MOVS = Movebyte/word 
1010010w 
I 
14' 


CMPS = Comparebyte/word 
1010011 
w I 
22' 


SCAS = Scenbyte/word 
1010111 
w I 
IS' 
c 
. 


LOOS = Loadbyte/wd to AL/AX 
I 
1010110w 
I 
12' 


STOS = Store byte/wd from AL/AX I 
1010101 
w I 
o' 
10' 
• 


INS = Inputbyte/wc! from OXport 
I 0110110w 
I 
14 


OUTS - 
OI!!fKrt~/W!LIOOXpot\. 
I 0110111w 
I 
14 _ 


Repeatedby count in ex (REP/ 
REPE/REPZ/REPNE/REPNZ) 


MOVS = Movestring 
11110010 
1010010w 
I 
8+8n' 


CMPS = Comparestring 
1111001 
z 
1010011 
w I 
5+22n' 


SCAS = Scan string 
1111001 
z 
1010111 
w I 
5+15n' 


LOOS = Loadstring 
11110010 
1010110w 
I 
6+11n' 


STOS = Store string 
11110010 
1010101w 
I 
6+9n' 


INS = Inputstring 
11110010 
0110110w 
I 
8+8n' 


OUTS - Output string 
11110010 
0110111w 
I 
8+8n' 


CONTROLTRANSFER 


CALL = Call: 


Directwithin segment 
I 
I 
I 
I 


., 


11101000 
disp-Iow 
disp-high 
19 


Register/memory 
I 
11111111 
I modO 10 rIm I 
17/27 


indirectwithin segment 


Directintersegment 
I 
10011010 
I 
segmentoffset 
I 
31 
I 
segmentselector 
I 


Indirectintersegment 
I 
11111111 
I modOll 
rIm I 
(mod"" 11) 
54 


Shaded 
areas 
indicate 
Instructions 
not available 
In 8086, 
8088 rnlcrosystems. 


'NOTE: 
Clock 
cycles 
shown 
for byte transfer. 
For word operations, 
add 4 clock 
cycles 
for all memory 
transfers. 
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INSTRUCTION 
SET SUMMARY 
(Continued) 


Function 
Format 
Clock 
Comments 
Cycl •• 


CONTROL TRANSFER (Continued) 
JMP = Unconditional Jump: 


Short/long 
, 
11101011 
, 
disp-Iow I 
14 


Direct within segment 
, 
11101001 
, 
disp-Iow 
, 
disp-high I 
14 


Register/memory 
, 
11111111 
Imod 1 00 r/ml 
11/21 
indirect within segment 


Direct intersegment 
, 
11101010 
, 
segment offset 
I 
14 
, 
segment selector 
I 


Indirect intersegment 
, 
11111111 
'mod 101 
r/ml 
(mod •• 11) 
34 


RET = Return from CALL: 
, 


Within segment 
I 
11000011 
20 


Within seg adding immed to SP 
I 
11000010 
data-Iow 
I 
data-high I 
22 


Intersegment 
, 
11001011 
30 


Intersegment adding immediate to SP 
, 
11001010 
data-Iow 
I 
data-high I 
33 


JE/JZ = Jump on equallzero 
, 
01110100 
disp 
4/13 
JMP not 


JLlJNGE 
= Jump on lesslnot greater or equal 
I 01111100 
disp 
4/13 
taken/JMP 


taken 
JLE/JNG = Jump on less or equallnot greater 
I 01111110 
disp 
4/13 


JB/JNAE 
= Jump on belowlnot above or equal I 
01110010 
disp 
4/13 


JBE/JNA 
= Jump on below or equal/not above 
01110110 
disp 
4/13 


JP/JPE = Jump on parity/parity even 
01111010 
disp 
4/13 


JO = Jump on overllow 
01110000 
disp 
4/13 


JS = Jump on sign 
01111000 
disp 
4/13 


JNE/JNZ = Jump on not equal/not zero 
01110101 
disp 
4/13 


JNLI JGE = Jump on not lessl greater or equal 
01111101 
disp 
4/13 


JNLE/JG = Jump on not less or equallgreater 
01111111 
disp 
4/13 


JNB/JAE 
= Jump on not below/above or equal 
01110011 
disp 
4/13 


JNBE/JA 
= Jump on not below or equallabove 
01110111 
disp 
4/13 


JNP/JPO = Jump on not parlpar odd 
01111011 
disp 
4/13 


JNO = Jump on not overflow 
01110001 
disp 
4/13 


JNS = Jump on not sign 
01111001 
, 
disp 
4/1S 


JCXZ = Jump on ex zero 
11100011 
I 
disp 
I 
5/15 


LOOP = Loop ex times 
11100010 
, 
disp 
I 
6/16 
LOOP not 


LOOPZ/LOOPE = Loop while zerolequal 
11100001 
, 
disp 
I 
6/16 
taken/LOOP 


I 
I 


taken 
LOOPNZlLOOPNE = Loop while not zerolequal 
11100000 
disp 
6/16 


ENTER - 
Enter ProoecIIn 
I 11001000 
I 
daIa-low I det!HIIgh 
I 
L I 
L=O 
18 
L=1 
29 
L>1 
26+2O(n-l) 
LEAVE = ~ 
ProcedLn 
I 11001001 
I 
~~. 
~ 
~,~ 


Shaded 
areas 
Indicate 
Instructions 
not available 
In 8086, 8088 
mtcrosystems. 
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INSTRUCTION 
SET SUMMARY 
(Continued) 


FuncUon 
Format 
Clock 
Comment. 
Cycles 


CONTROL TRANSFER (Continued) 
INT = Interrupt: 


Type specified 
I 
11001101 
I 
type 
I 
47 


Type 3 
I 
11001100 
I 
45 
if INT. takenl 


INTO = lnterrupt on overflow 
I 
11001110 
I 
48/4 
~ INT. not 
taken 


I 


IRET = Interrupt return 
I 
11001111 
I 
28 


BOUND = Detect value out of I'IIIlgI! 
I 01100010 
I mod reg rIm I 
33-35 


PROCESSORCONTROL 


CLC = Clear carry 
11111000 
2 


CMC = Complement carry 
11110101 
2 


STC = Set carry 
11111001 
2 


CLD = Clear direction 
11111100 
2 


STD = Set direction 
11111101 
2 


CLI = Clear interrupt 
11111010 
2 


STI "; Set interrupt 
11111011 
I 
2 


HLT = Halt 
11110100 
I 
2 


WAIT = Wail 
10011011 
I 
6 
ifT£S'f 
= 0 


LOCK = Bus lock prefix 
11110000 
I 
2 


NOP = No Operation 
10010000 
I 
3 


Shaded 
areas 
Indicate 
Instructions 
not available 
In 8086, 8088 
microsystems, 


FOOTNOTES 
EA calculation 
time is 4 clock 
cycles 
for all modes, 


and is included 
in the execution 
times given whenev- 
er appropriate. 


Segment Override Prefix 


1001reg101 


The Effective 
Address 
(EA) of the memory 
operand 
is computed 
according 
to the mod and rim fields: 


if mod 
11 then rim is treated as a REG field 


if mod 
00 then OISP = 0', disp-Iow and disp- 
high are absent 
01 then OISP = disp-Iow sign-ex- 
tended to 16-bits, disp-high 
is absent 
10 then OISP = disp-high: 
disp-Iow 
000 then EA = (BX) + (SI) + OISP 
001 then EA = (BX) + (01) + OISP 
010 then EA = (BP) + (SI) + OISP 
011 then EA = (BP) + (01) + OISP 
100 then EA = (SI) + OISP 
101 then EA = (01) + OISP 
110 then EA = (BP) + OISP' 
111 then EA = (BX) + OISP 


if mod 
reg is assigned 
according 
to the following: 


Segment 
Register 
ES 
CS 
SS 
OS 


if mod 
if rim 
ifr/m 
if rim 
if rim 
if rim 
if rim 
if rim 
if rim 


reg 


00 
01 
10 
11 


OISP follows 
2nd byte of instruction 
(before 
data if 
required) 


'except 
if mod = 00 and rim = 
110 then 
EA = 
disp-high: 
disp-Iow. 
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REG is assigned 
according 
to the following 
table: 


16-Blt (w = 1) 
OOOAX 
001 CX 
010 DX 
011 BX 
100 SP 
101 BP 
110 SI 
111 DI 
REVISION 
HISTORY 


8-Blt (w = 0) 
OOOAL 
001 CL 
010 DL 
011 BL 
100AH 
101 CH 
110 DH 
111 BH 


The physical 
addresses 
of all operands 
addressed 
by the BP register 
are computed 
using the SS seg- 
ment register. 
The physical 
addresses 
of the desti- 
nation 
operands 
of the 
string 
primitive 
operations 
(those 
addressed 
by the DI register) 
are computed 
using the ES segment, 
which may not be overridden. 


The sections 
significantly 
revised 
since version 
-003 are: 


Pin Description 
Table 
Added 
note to TEST 
pin requiring 
proper 
RESET 
at power-up 
to configure 
pin as 
input. 


Renamed 
pin 44 to INT1/SELECT 
and pin 41 to INT3/INTA1/IRQ 
to better describe 
their functions 
in Slave Mode. 


Added 
reminder 
to drive RES pin LOW during power-up. 
Initialization 
and 
Processor 
Reset 


Read and Write Cycle 
Waveforms 


Instruction 
Set 
Summary 


Slave Mode Operation 


Clarified 
applicability 
of TCLCSV to latched 
A 1 and A2 in footnotes. 


Corrected 
clock count for ENTER 
instruction. 


The three 
low order bits associated 
with vector 
generation 
and performing 
EOI are 
not alterable; 
however, 
the priority 
levels 
are programmable. 
This 
information 
is a 
clarification 
only. 


The sections 
significantly 
tevlsed 
since version 
-002 are: 


Front Page 


Local Bus Controller 
and Reset 


D.C. Characteristics 


Power Supply Current 


A.C. Characteristics 


Deleted 
references 
to burn-in devices. 


Clarified 
effects 
of excessive 
loading 
on pins with internal 
pullup devices. 
Equivalent 
resistance 
no longer shown. 


Renamed 
VCLI to VIL1. Renamed 
VCHI to VIH3. Changed 
VOH (min) from 0.8 VCC to 
VCC - 
0.5V. Changed 
Icc 
(max) from 
180 mA to 150 mA at 16 MHz, 
150 mA to 
120 mA at 12.5 MHz, and 120 mA to 100 mA at 10 MHz. Changed 
VCLO (max) from 
0.5V to 0.45V. Changed 
VCHO (min) from 0.8 VCC to VCC - 
0.5V. Clarified 
effect 
of 
excessive 
loading on pins with internal 
pullup devices. 


Added 
equation 
and graph for maximum 
current. 


Many timings 
changed 
(all listed in ns): TOVCL (min) at 16 MHz from 10 to 15; TCLDX 
(min) from 5 to 3; TCLAY (max) at 10 MHz from 50 to 44; TCHCV(max) from 45 to 44 at 
10 MHz and from 37 to 36 at 12.5 MHz; TLHLL (min) from TCLCL - 
30 to TCLCL - 
15; 


TLLAX (min) at 10 MHz from TCHCL - 
20 to TCHCL - 
15; TCVCTV(max) from 56 to 44 
at 10 MHz, and from 47 to 37 at 12.5 MHz; TCVOEX (max) from 56 to 44 at 10 MHz, 47 
to 37 at 12.5 MHz, and from 35 to 31 at 16 MHz; TRHAV (min) from TCLCL - 
40 at 
10 MHz and TCLCL - 
20 at 12.5 MHz and 16 MHz to TCLCL - 
15 at all frequencies; 


TRLRH (min) from 2 TCLCL - 
46 to 2 TCLCL - 
30 at 10 MHz, from 2 TCLCL - 
40 to 2 
TCLCL - 
25 at 12.5 MHz, and TCLCL - 
30 to 2 TCLCL - 
25 at 16 MHz; TWLWH (min) 
from 2 TCLCL - 
34 to 2 TCLCL - 
30 at 10 MHz, and 2 TCLCL - 
30 to 2 TCLCL - 
25 
at 12.5 MHz, TAVLL (min) from TCLCH - 
19 to TCLCH - 
18 at 10 MHz; TCLSH (max) 
at 10 MHz from 
50 to 46; TCLTMV (max) 
from 
48 to 40 at 10 MHz; 40 to 33 at 
12.5 MHz, and 30 to 27 at 16 MHz; TCLRO (max) from 48 to 40 at 10 MHz, 40 to 33 at 
12.5 MHz, and 37 to 27 at 16 MHz; TCHQSV (max) from 28 to 37 at 10 MHz, 28 to 32 
at 12.5 MHz, and 25 to 30 at 16 MHz; TCHDX (min) from 5 to 10; TCLLV (max) at 10 
MHz from 45 to 40 and at 12.5 MHz from 40 to 37; TCLCSV (max) from 45 to 42 at 10 
MHz; TCHCSX (max) from 32 to 35 at 10 MHz, 28 to 30 at 12.5 MHz, and 23 to 25 at 
16 MHz; and TCH1CH2 and TCL2CL1 (max) at 16 MHz from 8 to 10. Added new timings 
for TWHDEX, TRHLH, and TWHLH. Established 
minimum 
timing for TCLCSV. 
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Timing Waveforms 
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Section 
rearranged 
to show waveforms 
on same or facing 
page relative 
to 
corresponding 
tabular 
data. TCLSRY drawn to same clock edge as TSRYCL. 
Drawing 
changed 
to indicate 
one less clock 
between 
HOLD 
inactive 
and 
HLDA inactive. 


New section. 
Specification 
Level 
Markings 


The sections 
significantly 
revised 
since version 
-001 are: 


LCC Contact 
Diagram 


Pin Description 
Table 


Interrupt 
Vector Table 


ESC Opcode 
Exception 
Description 


Oscillator 
Configurations 


RESET Logic 


Local Bus Arbitration 


Local Bus Controller 
and Reset 


DMA Controller 


Timers 


DRAM Refresh Addresses 


D.C. Characteristics 


Power Supply Current 


A.C. Characteristics 


Explanation 
of 


the A.C. Symbols 


Major Cycle Timing Waveforms 


Rise/Fall 
Times and Capacitive 
Derating 
Curves 


Instruction 
Set Summary 


Corrections 
made to upper address 
pins. 


Various 
descriptions 
rewritten 
for clarity. 


Redrawn 
for clarity. 


Note added concerning 
ESC trap. 


Deleted 
drive of X2 with inverted 
X1. 


Deleted 
paragraph 
concerning 
setup 
times 
for synchronization 
of multiple 
processors. 


Added 
description 
of HLDA when a refresh 
cycle is pending. 


Added 
description 
of pullup devices 
for appropriate 
pins. 


Added 
reminder 
to initialize 
transfer 
count 
registers 
and pointer 
registers. 


Added 
reminder 
to initialize 
count registers. 


Refresh 
address 
counter 
described 
in figure. 


VIH2 indicated 
for SRDY, ARDY. 
'cc 
(max.) now indicated 
for all devices. 


Typical tee indicated. 


Input VIH test condition 
at X1 added. TCLDOX, TCVCTV, TCVCTX, TCLHAV and 
TCLLV minimums 
reduced 
from 
5 ns to 3 ns. TCLCH min. and TCHCL min. 


relaxed 
by 2 ns. Added 
reminder 
that TSRYCL and TCLSRY must be met. 


New section. 


TDXDL indicated 
in Read Cycle. TCLRO indicated. 


New Figures added. 


ESC deleted. 


SPECIFICATION 
LEVEL MARKINGS 


Current 
80C188 
devices 
bear backside 
lot code information 
consisting 
of seven digits followed 
by letters. The 
second, 
third, and fourth 
digits comprise 
a manufacturing 
data code. This preliminary 
data sheet applies 
only 
to 80C188 
devices 
with a date code corresponding 
to week 25 of 1989 (backside 
markings 
x925xxx 
XXX) 
or 
later. 
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80C188EB-16, -13, -8 
16-BIT HIGH-INTEGRATION 
EMBEDDED PROCESSOR 


• Full Static Operation 
• True CMOS Inputs and Outputs 
• - 40·C to +85·C Operating Temperature Range 
• Low System Cost 8-Blt Interface 


• 
Low-Power Operating Modes: 
-Idle 
Mode Freezes CPU Clocks but 
keeps Peripherals Active 
- 
Powerdown 
Mode Freezes All 
• 
Internal Clocks 


• 
Complete System Development 
Support 
- 
ASM86 Assembler, PL/M 86, 
Pascal 86, Fortran 86, C-86, and 
System Utilities 
-In-Circuit 
Emulator (lCETM-188EB) 


• 
Available In: 
-80-Pin 
Quad Flat Pack (S80C188EB) 
- 
84-Pin Plastic Leaded Chip Carrier 
(N80C188EB) 


• 
Integrated 
Feature Set 
- 
Low-Power Static CPU Core 
- 
Two Independent 
UARTs each with 
an Integral Baud Rate Generator 
- 
Two 8-Blt Multiplexed I/O Ports 
- 
Programmable 
Interrupt Controller 
- 
Three Programmable 
16-Bit 
Timer ICounters 
- 
Clock Generator 
- 
Ten Programmable Chip Selects with 
Integral Wait-State Generator 
- 
Memory Refresh Control Unit 
- 
System Level Testing Support 
(ONCETMMode) 
• 
Direct Addressing 
Capability to 1 Mbyte 
Memory and 64 Kbyte 1/0 


• 
Speed Versions Available: 
-16 
MHz (80C188EB-16) 
-13 
MHz (80C188EB-13) 
- 
8 MHz (80C188EB-8) 


The 80C188EB 
is a second 
generation 
CHMOS 
High-Integration 
microprocessor. 
It has features 
that are new 
to the 80C188 family and include a STATIC CPU core, an enhanced 
Chip Select decode 
unit, two independent 


Serial Channels, 
1/0 ports, and the capability 
of Idle or Powerdown 
low power 
modes. 
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Figure 1. 8OC188EB Block Diagram 
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INTRODUCTION 
80C188EB Core Architecture 


The 80C188EB is the first product in a new genera- 
tion of low-power, high-integration microprocessors. 
It enhances the existing 186 family by offering new 
features and new operating modes. The 80C188EB 
is object code compatible with the 80C186/~OC188 
microprocessors. The 80C188EB has an s-blt exter- 
nal data bus but still retains a 16-bit internal bus. An 
8-bit external bus reduces system cost by requiring 
that only single byte-wide memories be used. 


The feature set of the 80C188EB meets the needs 
of low power, space critical applications. Low-Power 
applications benefit from the static design of the 
CPU core and the integrated peripherals. Minimum 
current consumption is achieved by providing a Pow- 
erdown mode that halts operation of the device, and 
freezes the clock circuits. Peripheral design en- 
hancements ensure that -non-initialized peripherals 
consume little current. 


Space critical applications benefit from the inte- 
gration of commonly used system peripherals" Two 
serial channels are provided for services such as 
diagnostics, inter-processor communication, modem 
interface, terminal display interface, and many oth- 
ers. A flexible chip select unit simplifies memory and 
peripheral interfacing. The interrupt unit provides 
sources for up to 129 external interrupts and will pri- 
oritize these interrupts with those generated from 
the on-chip peripherals. Three general purpose tim- 
er/counters and sixteen multiplexed I/O port pins 
round out the feature set of the 80C188EB. 


OVERVIEW 


Figure 1 shows a block diagram of the 80C1B8EB. 
The Execution Unit (EU) is an enhanced 8088 CPU 
core that includes: dedicated hardware to speed up 
effective address calculations, enhance execution 
speed for multiple-bit shift and rotate instructions 
and for multiply and divide instructions, string move 
instructions that operate at full bus bandwidth, ten 
new instruction, and full Static operation. ThE!Bus 
Interface Unit (BIU) is the same as that found on the 
original 188 family products, except the queue- 
status mode has been deleted and buffer interface 
control has been changed to ease system design 
timings. An independent internal bus is used to allow 
communication between the BIU and internal periph- 
erals. 
. 


REGISTER 
SET 


The 
8086, 
8088, 
80186, 
80188, 
80C186, 
and 
80C188 all contain the same basic set of registers, 
instructions, and addressing modes. The 80C188EB 
is upward compatible with all of these microproces- 
sors. 


The 80C188EB base architecture 
has fourteen 
16-bit registers as shown in Figure 2. There are eight 
general purpose registers which may be used ~or 
arithmetic and logic operands. Four of these regis- 
ters (AX, BX, CX, and OX) can be used as 16-bit 
registers or split into pairs of separate 8-bit registers. 
The other four registers (BP, SI, 01, and SP) may 
also be used to determine offset addresses of oper- 
ands in memory. These registers may contain base 
addresses or indexes to particular locations within a 
segment. The addressing mode selects th~ specific 
registers for operand and address calculations. 


Another four 16-bit registers (CS, OS, ES, SS) select 
the segments of memory that are immediately ad- 
dressable for code, stack, and data. There are two 
remaining special purpose registers (IP and F) that 
record or alter certain aspects of the 80C188EB 
processor state. 


15 
o 


AH 
AL 


BH 
BL 


CH 
CL 


DH 
DL 


Source Index 


Destination Index 


Base Pointer 


Stack Pointer 


AX 


BX 


CX 


DX 


SI 


DI 


BP 


SP 


Code Segment 
CS 


Stack Segment 
SS 


Data :;egment 
DS 


Extra Segment 
ES 


Instruction Pointer 
IP 


Flags 
F 


Figure 2. 80C188EB 
Register 
Set 
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INSTRUCTION 
SET 
Table 1. Segment 
Register 
Selection 
Rules 


The instruction 
set is divided 
into seven categories: 
data 
transfer, 
arithmetic, 
shift/rotate/logical, 
string 
manipulation, 
control 
transfer, 
high-level 
instruc- 
tions, 
and processor 
control. 
These 
categories 
are 
summarized 
in Figure 4. 


An 80C188EB 
instruction 
can reference 
anywhere 
from 
zero 
to 
several 
operands. 
An 
operand 
can 


reside 
in a register, 
in the 
instruction 
itself, 
or in 
memory. 


MEMORY 
ORGANIZATION 


Memory 
is organized 
in sets of segments. 
Each seg- 
ment is a linear contiguous 
sequence 
of up to 64K 
(216) 8-bit bytes. Memory 
is addressed 
using a two- 


component 
address 
(a pointer) 
that 
consists 
of a 
16-bit base segment 
and a 16-bit offset. 
The 16-bit 
base 
segment 
values 
are contained 
in one of four 


internal 
segment 
registers 
(code, data stack, extra). 


The 
physical 
address 
is calculated 
by shifting 
the 
base 
value 
left by four 
bits and 
adding 
the 
16-bit 
offset 
value to yield a 20-bit 
physical 
address 
(see 
Figure 3). A 20-bit address 
allows for a 1 MByte ad- 
dress size. 


~=~:....iJ~{~1 
~2~3:::!4:J 
SEGMENT 
[ 
BASE 
r---~~~ 
0 


OffSET 


PHYSICAL ADDRESS 


o 


TO MEMORY 
270885-2 


Figure 3. Two Component 
Address 


All 
instructions 
that 
address 
operands 
in memory 
must specify the base segment 
and the 16-bit offset 
value. For speed and compact 
instruction 
encodinq, 
the 
segment 
register 
used 
for 
a physical 
address 
generation 
is implied 
by the addressing 
mode 
used 
(see Table 
1). Special 
segment 
override 
instruction 
prefixes 
allow the implicit segment 
register 
selection 
rules to be overridden 
for special 
cases. The stack, 
data, 
and extra 
segments 
may coincide 
for simple 
programs. 


Memory 
Segment 
Implicit Segment 
Reference 
Register 
Selection 
Rule 
Needed 
Used 


Instructions 
Code (CS) 
Instruction 
prefetch 
and 
immediate 
data 


Stack 
Stack (SS) All stack pushes and pops; 
any memory 
references 
which use the BP register 
as a base 


External 
Extra (ES) 
All String instruction 
references 
which use the 
01 register as an index 


Local Data 
Data (OS) 
All other data references 


ADDRESSING 
MODES 


The 
80C188EB 
provides 
eight 
categories 
of 
ad- 
dressing 
modes 
to specify 
operands. 
Two address- 


ing modes are provided 
for instructions 
that operate 
on register 
or immediate 
operands: 


• 
Register 
Operand 
Mode: The operand 
is located 
in one of the 8- or 16-bit general 
registers. 


• 
Immediate 
Operand 
Mode: 
The 
operand 
is in- 
cluded 
in the instruction. 


Six modes are provided 
to specify the location 
of an 
operand 
in a memory 
segment. 
A memory 
operand 
address 
consists 
of two 
16-bit components: 
a SHg- 
ment base and an offset. 
The segment 
base is sup- 
plied 
by a 16-bit 
segment 
register 
either 
implicitly 
chosen 
by the addressing 
mode or explicitly 
chosen 
by a segment 
override 
prefix. The offset, 
also called 
the effective 
address, 
is calculated 
by summing 
any 
combination 
of 
the 
following 
three 
address 
ele- 
ments: 


• 
the displacement 
(an 8- or 16-bit immediate 
value 
contained 
in the instruction); 


• 
the base 
(contents 
of either 
the BX or BP base 
registers); 
and 


• 
the index 
(contents 
of either 
the SI or 01 index 
registers). 
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GENERAL 
PURPOSE 


MOV 
PUSH 
POP 
PUSHA 
POPA 
XCHG 
XLAT 


INPUT IOUTPUT 


IN 
OUT 


ADDRESS 
OBJECT 


LEA 
LDS 
LES 


FLAG TRANSFER 


LAHF 
SAHF 
PUSHF 
POPF 


ADDITION 


ADD 
INC 
AAA 
DAA 


SUBSTRACTION 


SUB 
SBB 
DEC 
NEG 
CMP 
AAS 
DAS 


MULTIPLICATION 


MUL 
IMUL 
AAM 


DIVISION 
NO OPERATION 


DIV 
NOP 
IDIV 
AAD 
HIGH LEVEL 
INSTRUCTIONS 


CBW 
CWD 
ENTER 
LEAVE 
STRING 
OPERATIONS 
BOUND 


MOVS 
CONDITIONAL 
TRANSFERS 
INS 
OUTS 
JAlJNBE 
CMPS 
JAE/JNB 
SCAS 
JB/JNAE 
LOOS 
JBE/JNA 
STOS 
JC 
REP 
JE/JZ 
REPE/REPZ 
JG/JNLE 
REPNE/REPNZ 
JGE/JNL 
JL/JNGE 
LOGICALS 
JLE/JNG 
JNC 
NOT 
JNE/JNZ 
AND 
JNO 
OR 
JNP/JPO 
XOR 
JNS 
TEST 
JO 
JP/JPE 
SHIFTS 
JS 


SHL/SAL 
UNCONDITIONAL 
TRANSFERS 
SHR 
SAR 
CALL 
RET 
ROTATES 
JMP 


ROL 
ITERATION 
CONTROLS 
ROR 
RCL 
LOOP 
RCR 
LOOPE/LOOPZ 
LOOPNE/LOOPNZ 
FLAG OPERATIONS 
JCXZ 


STC 
INTERRUPTS 
CLC 
CMC 
INT 
STD 
INTO 
CLD 
IRET 
STI 
CLI 


EXTERNAL 
SYNCHRONIZATION 


HLT 
WAIT 
LOCK 


Figure 
4. 8OC188EB 
Instruction 
Set 
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Any carry out from the 16-bit addition is ignored. 
8-bit displacements are sign extended to 16-bit val- 
ues. 


Combinations of these three address elements de- 
fine the six memory addressing modes, described 
below; 


• 
Direct Mode: The operand's offset is contained in 
the instruction as an 8- or 16-bit displacement el- 
ement. 


• 
Register 
Indirect 
Mode: The operand's offset is in 
one of the registers SI, 01, BX, or BP. 


• 
Based Mode: The operand's offset is the sum of 
an 8- or 16-bit displacement and the contents of 
a base register (BX or BP). 


• 
Indexed 
Mode: The operand's offset is the sum 
of an 8- or 16-bit displacement and the contents 
of an index register (SI or 01). 


• 
Based Indexed Mode: The operand's offset is the 
sum of the contents of a base register and an 
index register. 


• 
Based Indexed Mode with Displacement: 
The op- 
erand's offset is the sum of a base register's con- 
tents, an index register's contents, and an 8- or 
16-bit displacement. 


DATA TYPES 


The 80C188EB directly supports the following data 
types: 


• 
Integer: A signed binary numeric value contained 
in an 8-bit byte or 16-bit word. All operations as- 
sume a 2's complement representation. Signed 
32- and 64-bit integers are supported using the 
80C187 Numerics Coprocessor. 


• 
Ordinal: 
An unsigned binary numeric value con- 
tained in an 8-bit byte or 16-bit word. 


• 
Pointer: A 16- or 32-bit quantity, composed of a 
16-bit offset component, or a 16-bit segment 
base component and a 16-bit offset component. 


• 
String: A contiguous sequence of bytes or words. 
A string may contain from 1 Kbyte to 64 Kbytes. 


• ASCII: A byte representation of alphanumeric and 
control characters using the ASCII standard of 
character representation. 


• 
BeD: 
A byte (unpacked) representation of the 
decimal digits 0-9. 


• 
Packed 
BeD: A byte (packed) representation of 
two decimal digits (0-9). One digit is stored in 
each nibble (4 bits) of the byte. 


In general, individual data elements must fit within 
defined segment limits. 


INTERRUPTS 


An interrupt transfers execution to a new program 
location. The old program address (CS:IP) and ma- 
chine state (F) are saved on the stack to allow re- 
sumption of the interrupted program. Interrupts fall 
into three classes: hardware initiated, software (pro- 
gram) initiated, and instruction exception initiated. 
Hardware initiated interrupts occur in response to an 
external or internal input and are classified as non- 
maskable or maskable. 


Programs may cause an interrupt by executing the 
"INT" instruction. Instruction exceptions occur when 
an illegal opcode has been fetched into the queue 
and is read by the execution unit. Another type of 
exception can be generated when executing an 
"ESC" instruction. 


For all cases except the "ESC" exception, the return 
address from an exception will point at the instruc- 
tion immediately following the instruction causing 
the exception. The return address after an "ESC" 
exception will point back to the ESC instruction 
causing the exception, or to the segment override 
prefix immediately preceding the ESC instruction if 
the prefix was present. 


A table containing up to 256 pointers defines the 
proper)nterrupt service routine for each interrupt. In- 
terrupts 0-31 are reserved by lntel, Table 2 shows 
the 80C188EB predefined type and default priority 
levels. For each interrupt, an 8-bit vector (Vector 
Type) identifies the appropriate table entry. Multiply- 
ing the 8-bit vector by 4 defines the vector address. 
INT instructions contain or imply the vector type and 
allow access to all 256 interrupts. 
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Table 2. 80C188EB 
Interrupt 
Vectors 


Interrupt 
Vector 
Vector 
Default 
Related 
Name 
Type 
Address 
Priority 
Instructions 


Divide Error 
0 
OOH 
1 
DIV,IDIV 


Single Step Interrupt 
1 
04H 
1A 
All 


Non-Maskable 
Interrupt 
2 
08H 
1 
INT20rNMI 


One Byte Interrupt 
3 
OCH 
1 
INT 


Interrupt 
on Overflow 
4 
10H 
1 
INTO 


Array Bounds Check 
5 
14H 
1 
BOUND 


Invalid OP-Code 
6 
18H 
1 
IlIegallnst 


ESC OP-Code 
Interrupt 
7 
1CH 
1 
ESC OP-Codes 


Timer 0 Interrupt 
8 
20H 
2 


Reserved 
: 
9-11 
24H-2CH 


INTO Interrupt 
12 
30H 
5 


INT1 Interrupt 
13 
34H 
6 


INT2 Interrupt 
14 
38H 
7 


INT3 Interrupt 
15 
3CH 
8 


Reserved 
16 
40H 


INT4 Interrupt 
17 
44H 
4 


Timer1 Interrupt 
18 
48H 
2A 


Timer2 Interrupt 
19 
4CH 
2B 


UART 0 Receive 
Interrupt 
20 
50H 
3 


UART 0 Transmit 
Interrupt 
21 
54H 
3A 


Reserved 
22-31 
58H-7CH 
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BUS INTERFACE 
UNIT 
CLOCK 
GENERATOR 


The 80C188EB core incorporates a bus controller 
that generates local bus control signals. In addition, 
it employs a HOLD/HLDA protocol to share the local 
bus with other bus masters. 


The bus controller is responsible for generating 20 
bits of address, read and write strobes, bus cycle 
status information, and data (for write operations) in- 
formation. It is also responsible for reading data off 
the local bus during a read operation. A ready input 
pin is provided to extend a bus cycle beyond the 
minimum four states (clocks). 


A HOLD/HLDA protocol is provided by the local bus 
controller to allow multiple bus masters to share the 
same local bus. When the 80C188EB relinquishes 
control of the local bus, it floats certain bus control 
signals to allow another bus master to drive these 
pins directly. Refer to the Pin Description section to 
determine which pins the 80C188EB will float during 
.a HOLD/HLDA bus exchange. 


The 80C188EB local bus controller also generates 
two control signals (DEN and DTlR) when interfac- 
ing to external transceiver chips. (Both DEN and 
DT/R are available on the N80C188EB device, only 
DEN is available on the S80C188EB device.) This 
capability allows the addition of transceivers for sim- 
ple buffering of the mulitplexed address/data bus. 


The 80C188EB provides an on-chip clock generator 
for both internal and external clock generation. The 
clock generator features a crystal oscillator, a divide- 
by-two 
counter, 
and 
two 
low-power 
operating 
modes. 


The oscillator circuit is designed to be used with ei- 
ther a parallel 
resonant 
fundamental or third-over- 
tone mode crystal network. Alternatively, the oscilla- 
tor circuit may be driven from an external clock 
source. Figure 5 shows the various operating modes 
of the 80C188EB oscillator circuit. 


The crystal or clock frequency choseri must be twice 
the required processor operating frequency due to 
the internal divide-by-two counter. This counter is 
used to drive all internal phase clocks and the exter- 
nal CLKOUT signal. CLKOUT is a 50% duty cycle 
processor clock and can be used to drive other sys- 
tem components. All A.C. timings are referenced to 
CLKOUT. 


The following parameters are recommended when 
choosing a crystal: 


, 
. 


Temperature Range: 
Application Specific 
ESR (Equivalent Series Resistance): 
400 max 
CO(Shunt Capacitance of Crystal): 
7.0 pF max 
C1 (Load Capacitance): 
20 pF ± 2 pF 
Drive Level: 
1 mW max 


r---.,--"i CLKIN 


•.... 
-9---1 OSCOUT 


80Cl88EB 
L, 


Note 1 


270885-3 
(A) Crystal Connection 


NOTE: 
The L,e, network is only required when using a third- 
overtone crystal. 


I[!E~xt~er~n~al~c~lo~C~k~s~o~ur~ce:>_---~ CLKIN 


N.C.- 
OSCOUT 


80C188EB 


270885-4 


(B) Clock Connection 


Figure 5. 80C188EB 
Clock Configurations 
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80C188EB 
Peripheral Architecture 


The 80C188ES has integrated several common sys- 
tem peripherals with a CPU core to create a com- 
pact, yet powerful system. The integrated peripher- 
als are designed to be flexible and provide logical 
interconnections between supporting units (e.g., the 
interrupt control unit supports interrupt requests 
from the timer/counters or serial channels). 


The list of integrated peripherals include: 


• 7-Input Interrupt Control Unit 
• 3-Channel Timer/Counter Unit 
• 2-Channel Serial Communications Unit 
• 10-0utput Chip-Select Unit 


• I/O Port Unit 
• Refresh Control Unit 
• Power Management Unit 


The registers associated with each integrated peri- 
heral are contained within a 128 x 16 register file 
called the Peripheral Control Slock (PCS). The PCS 
can be located in either memory or I/O space on 
any 256 Syte address boundary. During bus cycles 
that access the PCS, the bus controller will signal 
the operation externally (i.e., the RD, WR, status, 
address, data, etc., lines will be driven as in a normal 
bus cycle). However, READY is ignored and the con- 
tents of the data bus during a read operation is ig- 
nored. When using any of the internal registers (AX, 
SX, etc.) as the source of data to be moved into a 
PCS register, it 
is 
recommended 
that 
a 
byte 
operation be specified. Since the 80C188ES retains 
a 16-bit internal bus architecture, all byte write oper- . 
ations to the PCS registers will result in word opera- 
tion. If immediate data is used, then a word write 
must be speclfied. 


The address of the PCS can overlap any of the 
memory or I/O regions programmed into the Chip 
Select Unit. In this case, the overlapped chip select 
will not go active when the PCS is read or written. 


Figure 6 provides a list of the registers associated 
with the PCS. The Register Sit Summary individually 
lists all of the registers and identifies each of their 
programming attributes. 


INTERRUPT 
CONTROL 
UNIT 


The 80C188ES can receive interrupts from a num- 
ber of sources, both internal and external. The inter- 
rupt control unit serves to merge these requests, on 
a priority basis, for individual service by the CPU. 
Each interrupt source can be independently masked 


by the Interrupt Control Unit (ICU) or all interrupts 
can be globally masked by the CPU. 


Internal interrupt sources include the Timers and Se- 
rial channel O. External interrupt sources come from 
the five input pins INT4:0. The NMI interrupt pin is 
not controlled by the ICU and is passed directly to 
the CPU. Although the Timer and Serial channel 
each have only one request input to the ICU, sepa- 
rate vector types are generated to service individual 
interrupts within the Timer and Serial channel units. 


The 80C188ES ICU provides a mechanism for ex- 
panding the number of external interrupt sources. 
Two pairs of pins can be independently configured 
to support an external slave interrupt 'controller 
(82C59A). Each pair of external pins can be expand- 
ed to support 64 interrupts, making it possible for the 
80C188ES to support a total of 129 external inter- 
rupts. 


The ICU may be used in a polled mode if interrupts 
are undesirable. When polling, the processor dis- 
ables interrupts and then polls the ICUwhenever it is 
convenient. 


TIMER/COUNTER 
UNIT 


The 80C188ES Timer/Counter Unit (TCU) provides 
.three 16-bit programmable timers. Two of these are 
highly flexible and are connected to external pins for 
control or clocking. A third timer is not connected to 
any external pins and can only be clocked internally. 
However, it can be used to clock the other two timer 
channels. The TCU can be used to count external 
events, time external events, generate non-repeti- 
tive waveforms, generate timed interrupts. etc. 


Each timer has at least one 16-bit compare register 
and one 16-bit count register. Timers 0 and 1 each 
have an additional 16-bit compare register. The 
count register is incremented every fourth CPU clock 
cycle (internal clocking), every time Timer2 expires 
(Timers 0 and 1 only), or every Low-to-High tran- 
sition on the timer input pin (Timers 0 and 1 only). 
The input clock to Timers 0 and 1 must not exceed 
one 
fourth 
the 
operating 
frequency 
of 
the 
80C188ES. When the count register matches the 
value programmed into the compare register, sever- 
al operations may happen. 


All three timers can generate an interrupt when the 
compare register matches the value in the count 
register. Additionally, Timers 0 and 1 have an output 
pin that can change state or pulse when the com- 
pare condition occurs. 
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PCB 
Function 
Offset 


OOH 
Reserved 


02H 
End Of Interrupt 


04H 
Poll 


06H 
Poll Status 


08H 
Interrupt Mask 


OAH 
Priority Mask 


OCH 
In-Service 


OEH 
Interrupt Request 


10H 
Interrupt Status 


12H 
Timer Control 


14H 
Serial Control 


16H 
INT4 


18H 
INTOControl 


1AH 
INT1 Control 


1CH 
INT2 Control 


1EH 
INT3 Control 


20H 
Reserved 


22H 
Reserved 


24H 
Reserved 


26H 
Reserved 


28H 
Reserved 


2AH 
Reserved 


2CH 
Reserved 


2EH 
Reserved 


30H 
TimerO Count 


32H 
TimerO Compare A 


34H 
TimerO Compare B 


36H 
TimerO Control 


38H 
Timer1 Count 


3AH 
Timer1 Compare A 


3CH 
Timer1 Compare B 


3EH 
Timer1 Control 


PCB 
Function 
Offset 


40H 
Timer2 Count 


42H 
Timer2 Compare 


44H 
Reserved 


46H 
Timer2 Control 


48H 
Reserved 


4AH 
Reserved 


4CH 
Reserved 


4EH 
Reserved 


50H 
Reserved 


52H 
PortO Pin 


54H 
PortO Control 


56H 
PortO Latch 


58H 
Port1 Direction 


5AH 
Port1 Pin 


5CH 
Port1 Control 


5EH 
Port1 Latch 


60H 
SerialO Baud 


62H 
SerialO Count 


64H 
SerialO Control 


66H 
SerialO Status 


68H 
SerialO RBUF 


6AH 
SerialO TBUF 


6CH 
Reserved 


6EH 
Reserved 


70H 
Serial1 Baud 


72H 
Serial1 Count 


74H 
Serial1 Control 


76H 
Serial1 Status 


78H 
Serial1 RBUF 


7AH 
Serial1 TBUF 


7CH 
Reserved 


7EH 
Reserved 


PCB 
Function 
Offset 


80H 
GCSO Start 


82H 
GCSO Stop 


84H 
GCS1 Start 


86H 
GCS1 Stop 


88H 
GCS2 Start 


8AH 
GCS2Stop 


8CH 
GCS3 Start 


8EH 
GCS3 Stop 


90H 
GCS4 Start 


92H 
GCS4Stop 


94H 
GCS5 Start 


96H 
GCS5 Stop 


98H 
GCS6 Start 


9AH 
GCS6Stop 


9CH 
GCS7 Start 


9EH 
GCS7 Stop 


AOH 
LCS Start 


A2H 
LCSStop 


A4H 
UCS Start 


. A6H 
UCS Stop 


A8H 
Relocation 


AAH 
Reserved 


ACH 
Reserved 


AEH 
Reserved 


BOH 
Refresh Base 


B2H 
Refresh Time 


B4H 
Refresh Control 


B6H 
Refresh Address 


B8H 
Power Control 


BAH 
Reserved 


BCH 
Step ID 


BEH 
Reserved 


PCB 
Function 
Offset 


COH 
Reserved 


C2H 
Reserved 


C4H 
Reserved 


C6H 
Reserved 


C8H 
Reserved 


CAH 
Reserved 


CCH 
Reserved 


CEH 
Reserved 


DOH 
Reserved 


D2H 
Reserved 


D4H 
Reserved 


D6H 
Reserved 


D8H 
Reserved 


DAH 
Reserved 


DCH 
Reserved 


DEH 
Reserved 


EOH 
Reserved 


E2H 
Reserved 


E4H 
Reserved 


E6H 
Reserved 


E8H 
Reserved 


EAH 
Reserved 


ECH 
Reserved 


EEH 
Reserved 


FOH 
Reserved 


F2H 
Reserved 


F4H 
Reserved 


F6H 
Reserved 


F8H 
Reserved 


FAH 
Reserved 


FCH 
Reserved 


FEH 
Reserved 


Figure 
6. 80C188EB 
Peripheral 
Control 
Block 
Registers 
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Other timer programming options include: 
• All three timers can be set to halt or continue 
after a compare match. 


• Timers 0 and 1 can be reset or retriggered using 
their respective input pins. 


• TCU registers can be read or written at any time, 


SERIAL 
COMMUNICATIONS 
UNIT 


The Serial Control Unit (SCU) of the 80C188EB con- 
tains two independent channels. EaCh channel is 
identical in operation except that only channel 0 is 
supported 
by the 
integrated 
interrupt controller 
(channel 1 has an external interrupt pin). Each chan- 
nel has its own baud rate generator that isindepen- 
dent of the Timer/Counter Unit, and can be internal- 
ly or externally clocked up to one half the 80C188EB 
operating frequency. 


Each serial channel supports one synchronous and 
four asynchronous modes of operation and is com- 
patible with the serial ports of the MCS"'-51 and 
MCS"'-96 family of products. Data field length can 
be 7-, 8-, or 9-bits with optional odd or even parity 
(generated and checked) and one stop bit (generat- 
ed and checked). The 9-bit mode has an optional 
"addressing" feature to simplify interprocessor com- 
munication. Each serial port is doubled buffered in 
both transmit and receive operation (data can be 
read or written to a buffer register while data is shift- 
ed into or out of a shifting register, respectively). 


A Clear-To-Send input pin can be programmed to 
prevent data transmission if the pin is sampled inac- 
tive. Serial channel 0 is supported by the integrated 
interrupt controller, providing separate receive and 
transmit vector types. Serial channel 1 has an exter- 
nal interrupt pin which OR's the receive and transmit 
interrupts. This external interrupt pin can be routed 
to either the external pins of the ICU, the NMI pin, or 
any other external system interrupt controller. Status 
bits are provided to allow polling of the serial chan- 
nels if interrupts are not desired. 


Independent baud rate generators are provided for 
each of the serial channels. For the asynchronous 
modes, the generator supplies an 8x baud clock to 
both the receive and transmit register logic. A 1x 
baud clock is provided in the synchronous mode. 


Additional features of the SCU include: 


• Framing error, receive buffer overrun error, and 
parity error detection. 


• Break detect. 


• Break send. 


CHIP-SELECT 
UNIT 


The 80C188EB Chip-Select Unit (CSU) integrates 
logic which provides up to ten programmable chip- 
selects to access both memories and peripherals. In 
addition, each chip-select can be programmed to 
automatically insert additional clocks (wait-states) 
into the current bus cycle and automatically termi- 
nate a bus cycle independent of the condition of the 
ready input pin. 


Each of the chip-selects can be programmed to go 
active for either memory or I/O accesses. UCS is 
the only chip-select that is active after a reset and is 
enabled 
for 
memory 
addresses 
in 
the 
range 
OFFCOOHto OFFFFFH (this allows a boot-ROM to 
be accessed using UCS). Every chip-select has a 
programmable start and stop register that defines 
the active region for the chip-select, and the ready 
characteristics for the region. 


The start and stop address fields are 10 bits in 
length and are matched against the upper 10 bits of 
either the memory or I/O address. A 10-bit compare 
results in a granularity of 1 Kbytes for memory ac- 
cesses and 64 bytes for I/O accesses. Each chip 
select can be disabled by programming its start ad- 
dress greater than its stop address or by clearing its 
enable bit. 


Each chip-select can be programmed to automati- 
cally insert wait-states, and to control whether the 
external ready input is to be ignored or used. The 
80C188EB bus controller will wait the programmed 
number of wait-states before the external ready pin 
can be used to extend or terminate the bus cycle. 


Overlapping of chip-selects is allowed. However, 
each one that overlaps will go active. If any overlap- 
ping chip-select has been programmed to use exter- 
nal ready, the bus control unit will insert the least 
amount of programmed wait-states programmed be- 
fore the external ready pin is used. If all overlapped 
chip-selects ignore external ready, the bus controller 
will insert the maximum number of programmed 
wait-states. Any chip-select that overlaps the Periph- 
eral Control Block (PCB) will not go active for that 
portion of the address range allocated to the PCB. 
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The Generic Chip-Selects (GCS7:0) are multiplexed 
with an output only Port function. Any channel that is 
being used as a chip-select must be disabled as a 
port pin by correctly programming the port pin con- 
trol registers (see the following section). 


1/0 PORT 
UNIT 


The 1/0 Port Unit (IPU) on the 80C188EB supports 
two 8-bit channels of input, output, or input! output 
operation. Port 1 is multiplexed with the chip select 
pins and is output only. Most of Port 2 is multiplexed 
with the serial channel pins. Port 2 pins are limited to 
either an output or input function depending on the 
operation of the serial pin it is multiplexed with. 


Two bits of Port 2 are not multiplexed with any other 
peripheral functions and can be used as either an 
input or an output function. A port direction register 
is used to define the function of the port pin. The 
output for these two pins are open drain. 


Besides a direction register, each port channel has a 
port latch register, port pin register, and a port multi- 
plexer control register. 


REFRESH 
CONTROL 
UNIT 


The Refresh Control Unit (RCU) automatically gen- 
erates a periodic memory read bus cycle to keep 
dynamic or pseudo-static memory refreshed. A 9-bit 
counter controls the number of clocks between re- 
fresh requests. 


A 12-bit address generator is maintained by the RCU 
and is presented on the A12:1 address lines during 
the refresh bus cycle. The address generator is in- 
cremented only after the refresh bus cycle is run. 
This ensures that all address combinations will be 
presented to the memory array even if the refresh 
bus cycle is not run before another request is gener- 
ated. Address bits A19:13 are programmable to al- 
low the refresh address block to be located on any 8 
Kbyte boundary. 


The chip-select unit is active during refresh bus cy- 
cles. This means that a chip-select will go active if 
the refresh address is within the limits specified for 
the channel. In addition, RFSH is driven active to 
signal that a refresh bus cycle is in progress. Data 
on the AD7:{) bus is ignored. 


A pending refresh request will attempt to abort a 
HOLD/HLDA bus exchange.. HLDA is deasserted 
when a refresh request is pending and a bus HOLD 
is already in progress. HOLD must then be released 
in order for the 80C188EB to execute the refresh 
bus cycle. 


POWER 
MANAGEMENT 
UNIT 


The 80C188EB Power Management Unit (PMU) is 
provided to control the power consumption of the 
device. The PMU provides three power modes: Ac- 
tive, Idle, and Powerdown. 


Active 
Mode 
indicates 
that 
all 
units 
on 
the 
80C188EB are functional and the device consumes 
maximum power (depending on the level of periph- 
eral operation). Idle Mode freezes the clocks of the 
Execution and Bus units at a logic zero state (all 
peripherals continue to operate normally). An un- 
masked interrupt, NMI, or reset will cause the 
80C188EB to exit the Idle mode. 


The Powerdown mode freezes all internal clocks at 
a logic zero level and disables the crystal oscillator. 
All internal registers hold their values provided vcc 
is maintained. Current consumption is reduced to 
just transistor junction leakage. An NMI or processor 
reset will cause the 80C188EB to exit the Power- 
down Mode. A timing pin is provided to establish the 
length of time between exiting Powerdown and re- 
suming device operation. (Length of time depends 
on startup time of crystal oscillator and is application 
dependent.) 


ONCETM Test Mode 


To facilitate testing and inspection of devices when 
fixed into a target system, the 80C188EB has a test 
mode available which forces all output and input! 
output pins to be placed in the high-impedance 
state. ONCE stands for "ON Circuit Emulation". The 
ONCE mode is selected by forcing the A19/0NCE 
pin LOW (0) during a processor reset (this pin is 
weakly held to a HIGH (1) level while RESIN is ac- 
tive). 
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PACKAGE 
INFORMATION 


This section 
describes 
the pins, pinouts, and thermal 
characteristics 
for 
the 
80C188EB 
in 
the 
Plastic 
Leaded Chip Carrier (PLCC) package 
and Quad Flat 
Pack (QFP) package. 
For complete 
package 
specifi- 
cations 
and 
information, 
see 
the 
Intel 
Packaging 
Outlines 
and 
Dimensions 
Guide 
(Order 
Number: 
231369). 


Pin Descriptions 


The 
80C188EB 
pins are described 
in this section. 
Table 
3 presents 
the legend 
for interpreting 
the pin 
descriptions 
in Table 4. Figure 7 provides 
an exam- 
ple pin description 
entry. The "I/O" 
signifies that the 
pins are bidirectional 
(i.e., have 
both 
an input and 
output function). 
The "S" 
indicates 
that, as an input, 
the signal is synchronized 
to CLKOUT 
for proper op- 
eration. 
The 
"H(Z)" 
indicates 
that 
these 
pins 
will 
float while the processor 
is in the Hold Acknowledge 
state. 
R(Z) indicates 
that these 
pins will float 
while 
RESIN is low. P(X) Indicates 
that these 
pins will re- 
tain 
their 
current 
value 
when 
Idle 
or 
Powerdown 
Modes 
are entered. 


All pins float while the processor 
is in the ONCETM 
Mode. 


Name 
Type 
D'escrlptlon 


AD7:0 
I/O 
These pins provide a multiplexed 
S(L) 
ADDRESS 
and DATA bus. During 
H(Z) 
the address phase of the bus 
R(Z) 
cycle, address bits 0 through 
15 
P(X) 
are presented 
on the bus and can 
be latched 
using ALE. 8-bit data 
information 
are transferred 
during 
the data phase of the bus cycle. 


Figure 
7. Example 
Pin Description 
Entry 


Table 
3. Pin Description 
Nomenclature 


Symbol 
Description 


I 
Input Only Pin 
o 
Output Only Pin 


I/O 
Pin can be either input or output 


Pin "must 
be" connected 
as described 


S(..) 
Synchronous. 
Input must meet setup and 
hold times for proper operation 
of the 
processor. 
The pin is: 
S(E) edge sensitive 
S(L) level sensitive 


A( ..) 
Asynchronous. 
Input must meet setup and 
hold only to guarantee 
recognition. 
The 
pin is: 
A(E) edge sensitive 
A(L) level sensitive 


H(..) 
While the processor's 
bus is in the Hold 
Acknowledge 
state, the pin: 
H(1) is driven to vcc 
H(O) is driven to Vss 
H(Z) floats 
H(Q) remains active 
H(X) retains current state 


R(..) 
While the processor's 
RES line is low, the 
pin: 
R(1) is driven to vcc 
R(O) is driven to Vss 
R(Z) floats 
R(WH) weak pullup 
R(WL) weak pulldown 


While Idle or Powerdown 
modes are 
active, 'the pin: 
P(1) is driven to vcc 
P(O) is driven to Vss 
P(Z) floats 
P(Q) remains active(1) 
P(X) retains current state 


NOTE: 
1. 
Any pin that specifies P(O) are valid for Idle 
Mode, All pins are P(X) for Powerdown Mode. 
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Table 3 80C188EB 
Pin Descriptions 
. , 


Name 
Type 
Description 


Vcc 
POWER connections 
consist of four pins which must be shorted 
externally 
to a vcc board plane. 


Vss 
GROUND 
connections 
consist of six pins which must be shorted 
externally 
to a Vss board plane. 


CLKIN 
I 
CLock INput is an input for an external clock. An external 
oscillator 


" 
A(E) 
operating 
at two times the required 80C188EB 
operating 
frequency 


can be connected 
to CLKIN. For crystal operation, 
CLKIN (along with 


OSCOUT) 
are the crystal connections 
to an internal 
Pierce oscillator. 


OSCOUT 
0 
OSCillator 
OUTput 
is only used when using a crystal to generate the 


H(Q) 
external clock. OSCOUT 
(along with CLKIN) are the crystal 


, 
R(Q) 
connections 
to an internal 
Pierce oscillator. 
This pin is not to be used 


P(X) 
as 2X clock output for non-crystal 
applications 
(i.e., this pin is N.C. for 


non-crystal 
applications). 


CLKOUT 
0 
CLock OUTput 
provides 
a timing reference 
for inputs and outputs 01 


H(Q) 
, the processor, 
and is one-half 
the input clock (CLKIN) frequency. 


R(Q) 
CLKOUT 
has a 50% duty cycle and transistions 
every falling edge of 


P(1) 
CLKIN. 


RESIN 
I 
RESet IN causes the 80C188EB 
to immediately 
terminate 
any bus 
A(L) 
cycle in progress 
and assume an initialized 
state. All pins will be 
driven to a known state, and RESOUT will also be driven active. The 
rising edge (Iow-to-high) 
transition 
synchronizes 
CLKOUT with CLKIN 


before the 80C188EB 
begins fetching 
opcodes 
at memory 
location 
OFFFFOH. 


RESOUT 
0 
RESet OUTput that indicates 
the 80C188EB 
is currently 
in the reset 


H(O) 
state. RESOUT will remain active as long as RESIN remains active. 


R(1) 
PtO) 


PDTMR 
I/O 
'Power-Down 
TIMeR pin (normally 
connected 
to an external 
A(L) 
capacitor) 
that determines 
the amount of 'time the 80C188EB 
waits 


H(WH) 
after an exit from power down before resuming 
normal operation. 
The 


R(l) 
duration 
of time required will depend on the startup characteristics 
of 


P(WH) 
the crystal oscillator. 


NMI 
I 
Non-Maskable 
Interrupt 
input causes a TYPE-2 interrupt 
to be 
A(E) 
serviced 
by the CPU. NMI is latched internally. 


TEST 
I 
TEST is used during the execution 
of the WAIT instruction 
to 
A(E) 
suspend CPU operation 
until the pin is sampled 
active (LOW). 


AD7:0 
I/O 
These pins provide a multiplexed 
ADDRESS 
and DATA bus. During 


S(L) 
the address phase of the bus cycle, address bits 0 through 
7 are 


H(l) 
presented 
on the bus and can be latched using ALE. 8-bit data 


R(l) 
information 
is transferred 
during the data phase of the bus cycle. 


P(X) 


A15:8 
0 
These pins provide address information 
throughout 
the entire bus 
H(l) 
cycle. 


R(l) 
P(X) 
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Table 3. 80C188EB 
Pin Descriptions 
(Continued) 


Name 
Type 
Description 


A18:16 
I/O 
These pins provide 
multiplexed 
ADDRESS 
during the address 
phase of the 
A19/0NCE 
H(Z) 
bus cycle. Address 
bits 16 through 
19 are presented 
on these pins and can 


R(W1) 
be latched using ALE. These pins are driven to a logic 0 during the data 


P(Z) 
bhase of the bus cycle. During a processor 
reset (RESIN active), A 19/ 
NCE is used to enable ONCE mode. A18:16 
must not be driven low during 
reset or improper 
80C188EB 
operation 
may result. 


52:0 
0 
Bus cycle Status are encoded 
on these pins to provide bus transaction 
H(Z) 
information. 
52:0 are encoded 
as follows: 


R(1) 
52 
51 
SO 
Bus Cycle Initiated 
P(1) 
0 
0 
0 
Interrupt 
Acknowledge 
0 
0 
1 
Read I/O 
0 
1 
• 0 
Write I/O 
0 
1 
1 
Processor 
HAL T 
1 
0 
0 
Queue Instruction 
Fetch 
1 
0 
1 
Read Memory 
1 
1 
0 
Write Memory 
1 
1 
1 
Passive (no bus activity) 


ALE 
0 
Address 
Latch Enable output is used to strobe address information 
into a 


H(O) 
transparent 
type latch during the address phase of the bus cycle. 


R(O) 
P(O) 


RFSH 
0 
ReFreSH 
output signals that a refresh bus cycle is in progress. 


H(Z) 
R(Z) 
P(1) 


RD 
0 
ReaD output signals that the accessed 
memory or I/O device must drive 
H(Z) 
data information 
onto the data bus. 


R(Z) 
P(1) 


WR 
0 
WRite output signals that data available 
on the data bus are to be written 


H(Z) 
into the accessed 
memory or I/O device. 


R(Z) 
P(1) 


READY 
I 
READY input to signal the completion 
of a bus cycle. READY must be 
A(L) 
active to terminate 
any 80C188EB 
bus cycle, unless it is ignored by 


S(L) 
correctly 
programming 
the Chip-Select 
Unit. 


DEN 
0 
Data ENable output to control 
the enable of bi-directional 
transceivers 
H(Z) 
when buffering 
a 80C188EB 
system. 
DEN is active only when data is to be 


R(Z) 
transferred 
on the bus. 


P(1) 
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Table 3. 80C188EB 
Pin Descriptions 
(Continued) 


Name 
Type 
Description 


DT/R 
0 
Data Transmit/Receive 
output controls 
the direction 
of a bi-directional 
H(Z) 
buffer when buffering 
an 80C188EB 
system. DT/R is only available 
for the 


R(Z) 
PLCC package 
(N80C188EB). 


P(X) 


LOCK 
I/O 
LOCK output indicates 
that the bus cycle in proqress 
is not to be 
H(Z) 
interrupted. 
The 80C188EB 
will not service other bus requests 
(such as 


R(W1) 
HOLD) while IT5CK is active. This pin is configured 
as a weakly held high 


P(1) 
input while RESIN is active and must not be driven low. 


HOLD 
I 
HOLD request input to signal that an external 
bus master wishes to gain 
A(L) 
control 
of the local bus. The 80C188EB 
will relinquish 
control 
of the local 


bus between 
instruction 
boundaries 
not conditioned 
by a LOCK prefix. 


HLDA 
0 
HoLD Acknowledge 
output to indicate that the 80C188EB 
has relinquish 


H(1) 
control 
of the local bus. When HLDA is asserted, 
the 80C188EB 
will (or has) 


R(O) 
floated 
its' data bus and control 
signals allowing 
another 
bus master to drive 


P(O) 
the signals directly. 


UCS 
0 
Upper Chip Select will go active whenever 
the address of a memory or I/O 


H(1) 
bus cycle is within the address 
limitations 
programmed 
by the user. After 


R(1) 
reset, UCS is configured 
to be active for memory accesses 
between 


P(1) 
OFFCOOH and OFFFFFH. 


[CS 
0 
Lower Chip Select will go active whenever 
the address of a memory 
bus 


H(1) 
cycle is within the address 
limitations 
programmed 
by the user. LCS is 


R(1) 
inactive after a reset. 


P(1) 


P1.0/GCSO 
0 
These pins provide a multiplexed 
function. 
If enabled, 
each pin can provlde 
P1.1/GCS1 
H(X)/H(1) 
a Generic 
Chip Select output which will go active whenever 
the address of 


P1.2/GCS2 
R(1) 
a memory or I/O bus cycle is within the address 
limitations 
programmed 
by 


P1.3/GCS3 
P(X)/P(1) 
the user. When not programmed 
as a Chip-Select, 
each pin may be used as 


P1.4/GCS4 
a general purpose output Port. As an output port pin, the value of the pin 


P1.5/GCS5 
can be read internally. 


P1.6/GCS6 
P1.7/GCS7 


TOOUT 
0 
Timer OUTput 
pins can be programmed 
to provide a single clock or 
T10UT 
H(Q) 
continuous 
waveform 
generation, 
depending 
on the timer mode selected. 


R(1) 
P(Q) 


TOIN 
I 
Timer INput is used either as clock or control 
signals, depending 
on the 
T11N 
A(L) 
timer mode selected. 


A(E) 
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Table 3. 80C188EB 
Pin Descriptions 
(Continued) 


Name 
Type 
Description 


INTO 
I 
Maskable 
INTerrupt 
input will cause a vector to a specific Type interrupt 
INT1 
A(E,L) 
routine. To allow interrupt 
expansion, 
INTO and/or 
INT1 can be used with 


INT4 
INTAO and INTA 1 to interface 
with an external 
slave controller. 


INT2/1NTAO 
I/O 
These pins provide a multiplexed 
function. 
As inputs, they provide a 


INT3/1NTA1 
A(E,L) 
maskable 
INTerrupt 
that will cause the CPU to vector to a specific 
Type 


/H(1) 
interrupt 
routine. As outputs, each is programmatically 
controlled 
to provide 


R(Z) 
an INTERRUPT 
ACKNOWLEDGE 
handshake 
signal to allow interrupt 


/P(1) 
expansion, 


P2.7 
I/O 
BI-DIRECTIONAL, 
open-drain 
Port pins. 


.. 
• 
< 
.< 


P2.6 
A(L) 
H(X) 
R(Z) 
P(X) 


CTSO 
I 
Clear-To-Send 
input is used to prevent the transmission 
of serial data on 


P2.4/CTS1 
A(L) 
the TXD signal pin. CTS1 is multiplexed 
with an input only port function. 


TXDO 
0 
Transmit 
Data output provides 
serial data information. 
TXD1 is multiplexed 
P2.1/TXD1 
H(X)/H(Q) 
with an output only Port function. 
During synchronous 
serial 


R(1) 
communications, 
TXD will function 
as a clock output. 


I 
P(X)/P(Q) 


RXDO 
I/O 
Receive 
Data input accepts 
serial data information. 
RXD1 is multiplexed 
P2.0/RXD1 
A(L) 
with an input only Port function. 
During synchronous 
serial communications, 


R(Z) 
RXD is bi-directional 
and will become 
an output for transmission 
or data 


H(Q) 
(TXD becomes 
the clock). 


P(X) 


P2.5/BCLKO 
I 
Baud CLocK input can be used as an alternate 
clock source for each of the 


P2.2/BCLK1 
A(L)/A(E) 
integrated 
serial channels. 
BCLKx is multiplexed 
with an input only Port 
function, 
and cannot exceed a clock rate greater than one-half 
the 
operating 
frequency 
of the 80C188EB. 


P2.3/SINT1 
0 
Serial 
INTerrupt 
output will go active to indicate serial channel 
1 requires 
H(X)/H(Q) 
service. SINT1 is multiplexed 
with an output only Port function. 


R(O) 
P(X)/P(Q) 
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80C188EB 
PINOUT 


Tables 4 and 5 list the 80C188EB pin names with 
package location for the 84-pin Plastic Leaded Chip 
Carrier (PLCC) component. Figure 7 depicts the 
complete 80C188EB pinout (PLCC package) as 
viewed from the top side of the component (Le.,con- 
tacts facing down). 


Address/Data Bus 


Name 
Location 


ADO 
61 
AD1 
66 
AD2 
68 
AD3 
70 
AD4 
I 


72 
ADS 
74 
AD6 
76 
AD7 
78 
A8 
62 


.A9 
67 
A10 
69 
A11 
71 
A12 
r 
73 
A13 
75 
A14 
77 
A15 
79 


A16 
80 
A17 
81 
A18 
82 
A19/~ 
83 


Tables 6 and 7 list the 80C188EB pin names with 
package location for the 80-pin Quad Flat Pack 
(QFP) component. Figure 8 depicts the complete 
80C188EB (QFP package) as viewed from the top 
side of the component (Le., contacts facing down). 


Table 4. PLCC Pin Names with Package Location 


Bus Control 


Name 
Location 


ALE 
6 
RFSR 
7 


SO 
10 
ST 
9 
S2 
8 


RD 
4 
WR 
5 


READY 
18 


DEN 
11 
DT/R 
16 
LOCK 
15 


HOLD 
13 
HLDA 
12 


Vss 
2,22,43 
Vss 
63,65,84 


Processor Control 


Name 
Location 


RESIN 
37 
RESOUT 
38 


CLKIN 
41 
OSCOUT 
40 
CLKOUT 
44 
fEST 
14 


NC 
- 
60 
NC 
39 
NC 
3 


PDTMR 
36 


NMI 
17 
lNTO 
31 
INn 
32 
INT2/iN'fAO 
33 
INT3/lNiAf 
34 
INT4 
35 


Vcc 
1,23, 
Vcc 
42,64 
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I/O 


Name 
Location 


OCS 
30 
[CS 
29 
P1.0/GCSO 
28 
P1.1/~ 
27 
P1.2/GCS2 
26 
P1.3/GCS3 
25 
P1.4/GCS4 
24 
P1.5/GCSS 
21 


P1.6/GCS6 
20 
P1.7/GCS7 
19 
roour 
45 
TOIN 
46 
nOUT 
47 
TlIN 
48 


RXDO 
53 
TXOO 
52 
P2.5/BCLKO 
54 
Ci'SO 
51 


P2.0/RXD1 
57 
P2.1/TXD1 
58 
P2.2/BCLK1 
59 
P2.3/SINT1 
55 
P2.4/CTS1 
56 


P2.6 
50 
P2.7 
49 


intJ 
80C188EB 


Location 
Name 


1 
VCC 
2 
VSS 


3 
NC 
4 
RD 
5 
WR 
6 
ALE 


7 
RFSH 
8 
52 
9 
51 
10 
SO 
11 
DEN 
12 
HLDA 
13 
HOLD 
14 
TEST 
15 
LOCK 
16 
DT/R. 


17 
NMI 
18 
READY 
19 
P1.7/GCS7 


20 
P1.6/~ 
21 
P1.5/GCS5 


Table 5. PLCC Package 
Locations 
with Pin Name 


Location 
Name 


22 
Vss 
23 
Vcc 
24 
P1.4/GCS4 


25 
P1.3/GCS3 
26 
P1.2/GCS2 
27 
P1.1/GCS1 


28 
P1.0/GCSO 
29 
[CS 


30 
OCS 
31 
INTO 
32 
INT1 
33 
INT2/INTAO 
34 
INT3/INTA1 
35 
INT4 
36 
PDTMR 
37 
RESIN 
38 
RE50UT 
39 
NC 
40 
05COUT 
41 
CLKIN 
42 
Vcc 


Location 
Name 


43 
Vss 
44 
CLKOUT 
45 
TOOUT 
46 
TOIN 
47 
T10UT 
48 
T11N 
49 
P2.7 
50 
P2.6 
51 
CTSO 
52 
TXDO 
53 
RXDO 
54 
P2.5/BCLKO 
55 
P2.3/5INT1 
56 
P2.4/CTS1 


57 
P2.0/RXD1 
58 
P2.1/TXD1 
59 
P2.2/BCLK1 
60 
NC 
61 
ADO 
62 
A8 
63 
Vss 
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Location 
Name 


64 
Vcc 


65 
Vss 


66 
AD1 


67 
A9 
68 
AD2 
69 
A10 
70 
AD3 
71 
A11 


72 
AD4 
73 
A12 
74 
AD5 
75 
A13 
76 
AD6 
77 
A14 
78 
AD7 


79 
A15 
80 
A16 
81 
A17 
82 
A18 
83 
A19/ONCE 


84 
Vss 


AD5 


A12 


AD4 


All 


AD3 


Al0 


AD2 


A9 


ADl 


VSS 


Vee 


Vss 


AB 


ADO 


NC 


P2.2/BCLKl 


P2.1/TXDl 


P2.0/RXDl 


P2.4/CTSl 


P2.3/SINTl 


P2.5/BCLKO 
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Figure 7. 84-Pln Plastic Leaded 
Chip Carrier 
Plnout Diagram 
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HLDA 


HOLD 


TEST 


LOCK 


DT/R 


NMI 


READY 


Pl.7/GCS7 


Pl.6/GCS6 


Pl.5/GCS5 


Vss 


Vee 


Pl.4/GCS4 


Pl.3/GCS3 


Pl.2/GCS2 


P1.1/GCSl 


Pl.0/GCSO 


LCS 


UCS 


INTO 


INTl 


i 
N80C188[8 


80C188EB 


Address/Data 
Bus 


Name 
Location 


ADO 
10 


AD1 
15 
AD2 
17 


AD3 
19 


AD4 
21 
AD5 
23 
AD6 
25 
AD7 
27 
A8 
11 
A9 
16 
A10 
18 
A11 
20 
A12 
22 
A13 
24 
A14 
26 
A15 
28 
A16 
29 


A17 
30 
A18 
31 
A19/~ 
32 


Table 6. QFP Pin Name with Package 
Location 


Bus Control 


Name 
Location 


ALE 
38 
RFSH 
39 


SO 
42 


"S1 
"I 
41 
52 
40 


RD 
36 
WR 
37 
READY 
49 


DEN 
43 
LOCK 
47 


HOLD 
45 
HLDA 
44 


Processor Control 


Name 
Location 
~ 
68 
RESOUT 
69 
CLKIN 
71 
OSCOUT 
70 
CLKOUT 
74 
TEST 
46 
PDTMR 
67 
NMI 
48 
INTO 
62 
INT1 
63 
INT2/TiiIfAO 
64 
INT311NTA1 
65 
INT4 
66 
Vcc 
13,34 
Vcc 
54, 72 
Vss 
12,14,33 
Vss 
35,53,73 
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110 


Name 
Location 


lmS 
61 
~ 
60 
P1.0/~ 
59 
P1.1/~ 
58 
P1.2/GCS2 
57 
P1.3/~ 
56 
P1.4/~ 
55 
P1.5/~ 
52 
P1.6/~ 
51 
P1.7/~ 
50 
TOOUT 
75 
TOIN 
76 
T10UT 
77 
T1IN 
78 
RXDO 
3 
TXDO 
2 
P2.5/BCLKO 
4 
CiSO 
1 
P2.0/RXD1 
7 
P2.1/TXD1 
8 
P2.2/BCLK1 
9 
P2.3/SINT1 
5 
P2.4/CTST 
6 


P2.6 
80 
P2.7 
79 
• 


80C188EB 


Location 
Name 


1 
CT50 
2 
TXDO 
3 
RXDO 
4 
P2.5/BCLKO 
5 
P2.3/5INT1 
6 
P2.4/CT51 
7 
P2.0/RXD1 
8 
P2.1/TXD1 
9 
P2.2/BCLK1 
10 
ADO 
11 
A8 
12 
VSS 
13 
VCC 
14 
VSS 
15 
AD1 
16 
A9 
17 
AD2 
18 
A10 
19 
AD3 
20 
A11 


Table 7. QFP Package 
Location 
with Pin Names 


Location 
Name 


21 
AD4 
22 
A12 
23 
AD5 
, 


24 
A13 
25 
AD6 
, 


26 
A14 
27 
AD7 
28 
A15 
29 
A16 
30 
A17 
31 
A18 
32 
A19/0NCE 
33 
Vss 
34 
Vcc 
35 
Vss 
36 
RD 
37 
WR 
38 
ALE 
39 
RFSH 
40 
52 


Lqcatlon 
Name 


41 
sr 
42 
SO 
43 
DEN 
44 
HLDA 
45 
HOLD 
46 
TEST 
47 
I!.OCK 


48 
NMI 
49 
READY 
50 
P1.7/GCS] 
51' 
P1.6/GCS6 
52 
P1.5/GCS5 
53 
Vss 
54 
Vcc 
55 
P1.4/GCS4 


56 
P1.3/GC53 
57 
P1.2/GCS2 
58 
P1.1/GCS1 
59 
P1.0/GCSO 
60 
res 
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Location 
Name 


61 
DCS 
62 
INTO 
63 
INT1 
64 
INT2/INTAO 
65 
INT3/INTA1 
66 
INT4 
67 
PDTMR 
68 
RESIN 
69 
RE50UT 
70 
05COUT 
71 
CLKIN 
72 
Vcc 
73 
Vss 
74 
CLKOUT 
75 
TOOUT 
76 
TOIN 
77 
T10UT 
78 
T1IN 
79 
P2.7 
80 
P2.6 
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72 


73 


74 


75 


76 


77 


78 


79 
800 
1 
2 


iS80C188[8 


INT3 


INU 


PDTMR 


RESIN 


RESOUT 


OSCOUT 


CLKIN 


Vee 
Vss 


eLKOUT 


TOOUT 


TOIN 


nOUT 


T1IN 


P2.7 


P2.6 


52 


RFSH 


ALE 


WR 


Rii 


Vss 
"cc 
Vss 


A19/0NCE 


Al8 


A17 


Al6 


Al5 


AD7 


A14 


AD6 


270865-6 


Figure 8. Quad Flat Pack Plnout Diagram 
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80C188EB 


PACKAGE 
THERMAL 
SPECIFICATIONS 


Typical values for 9CAat various airflows are given 
in Table 8 for the 84-pin Plastic Leaded Chip Carrier 
(PLCC) package. 


The 80C188EB is specified for operation when TC 
(the case temperature) is within the range of -40·C 
to + 100·C (PLCC package) or - 40·C to + 114·C 
(OFP package). TCmay be measured in any envi- 
ronment to determine whether the 80C188EB is 
within the specified operating range. The case tem- 
perature must be measured at the center of the top 
surface. 


Table 9 shows the maximum TA allowable (without 
exceeding Tcl at various airflows and operating fre- 
quencies. P (the maximum power consumption, 
specified in watts) is calculated by using the maxi- 
mum ICC as tabulated in the DC specifications and 
vcc of 5V. 


TA (the ambient temperature) can be calculated 
from 9CA(thermal resistance from the case to ambi- 
ent) with the following equation: 


Table 8. Thermal Resistance (9CA)at Various Airflows (In ·C/Watt) 


Airflow ft/mln (m/sec) 


0 
200 
400 
600 
800 
1000 
(0) (1.01) 
(2.03) 
(3.04) 
(4.06) 
(5.07) 


19CA(PLCC) 
30 
24 
21 
19 
17 
16.5 


19CA(OFP) 
58 
47 
43 
40 
38 
36 


Table 9. Maximum TA at Various Airflows (In ·C) 


Airflow ft/mln (m/sec) 


~ 
0 
200 
400 
600 
800 
1000 


(MHz) 
(0) 
(1.01) (2.03) (3.04) (4.06) (5.07) 


TA (PLCC) 
16 
91.5 
93.5 
94 
94.5 
95.5 
95.5 
26 
88.5 
91 
92 
92.5 
93.5 
93.5 
32 
85 
87.5 
89.5 
90.5 
91.5 
92 


TA (OFP) 
16 
98 
101 
102 
103 
103.5 
104 
26 
92 
96 
97.5 
99 
99.5 
100 
32 
85 
90.5 
92.5 
94 
95 
96 
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Maximum 
Rating 


NOTICE: 
This 
document 
contains 
information 
on 


products in the design phase of development. 
Do not 


finalize a design with this information. 
Revised infor- 


mation will be published when the product is avail- 
able. 


ELECTRICAL 
SPECIFICATIONS 


Absolute Maximum Ratings 


Parameter 


Storage Temperature 
- 65·C to + 150·C 


Case Temp Under Bias 
- 65·C to + 120·C 


Supply Voltage wrt vss 
- 0.5V to + 6.5V 


Voltage 
on other Pins 


wrt. Vss 
-0.5V 
to vcc + 0.5V 


The data present in this document 
are provided as a PREVIEW of expected 
device 
performance. 
Since Intel currently 
does not produce a product that complies with 


. these 
specifications, 
this data sheet should not be used as the basis for a final 
design. 
Once 
information 
corresponding 
to an actual 
device 
is available, 
an 
ADVANCED 
INFORMATION 
data sheet will be published 
to supercede 
this docu- 
ment. 


• WARNING: Stressing the device beyond the ''Absolute 


. Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 


tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


OPERATING 
CONDITIONS 


Symbol 
Parameter 
Mln 
Max 
Units 


Vee 
Supply Voltage 
4.5 
5.5 
V 


TF 
Input Clock Frequency 
80C188EB-16 
0 
32 
MHz 


80C188EB-13 
0 
26.08 
MHz 


80C188EB 
0 
16 
MHz 


Te 
Case Temperature 
Under Bias 


N80C188EB-XX 
(PLCC) 
-40 
+100 
·C 


S80C188EB-XX 
(QFP) 
-40 
+ 114 
·C 


RECOMMENDED 
CONNECTIONS 


Power and ground 
connections 
must be made to multiple vcc and Vss pins. Every 80C188EB-based 
circuit 
board should include separate 
power (Ved 
and ground (Vss) planes. Every vcc pin must be connected 
to the 
power plane, and every Vss pin must be connected 
to the ground plane. Pins identified 
as "NC" 
must not be 
connected 
in the system. 
Liberal decoupling 
capacitance 
should 
be placed 
near the 80C188EB. 
The proces- 
sor can cause transient 
power surges when its output buffers 
transition, 
particularly 
when connected 
to large 
capacitive 
loads. 


Low inductance 
capacitors 
and interconnects 
are recommended 
for best high frequency 
electrical 
perform- 
ance. Inductance 
is reduced 
by placing the decoupling 
capacitors 
as close as possible 
to the 80C188EB vcc 
and Vss package 
pins. 


Always 
connect 
any unused 
input to an appropriate 
signal 
level. In particular, 
unused 
interrupt 
inputs 
(NMI, 


INTO:4) should 
be connected 
to vcc through 
a pull-up 
resistor 
(in the range of 50 KO). Leave 
any unused 
output 
pin or any Ne pin unconnected. 
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TARGETED 
D.C. SPECIFICATIONS 


Symbol 
Parameter 
Mln 
Max 
Units 
Notes 


Vu. 
Input Low Voltage 
-0,5 
O,3*Vcc 
V 


VIH 
Input High Voltage 
O,7*Vcc 
vcc + 0,5 
V 


VOl 
Output Low Voltage 
0.45 
V 
IOl = 3 mA (Min) 


VOH 
Output High Voltage 
vcc - 
0,5 
V 
IOH = -2 
mA (Mln) 


VHYR 
Input Hysterisis 
on RESIN 
0,65 
V 


11L1 
Input Leakage Current for pins: 
AD7:0, READY, HOLD, RESIN, CLKIN, 
TEST, NMI, INT4:0, TOIN, T1IN, RXDO, 
±15 
JJ-A 
OV:S::VIN :s:: vcc 
BCLKO, CTSO, RXD1, BCLK1, CTS1, 
SINT1, P2,6, P2,7 


IIl3 
Input Leakage Current for pins: 
-2 
mA 
VIN = 0,7 vcc (Note 1) 
A19/0NCE, 
A1B:16, LOCK 


IOl 
Output Leakage Current 
±15 
JJ-A 
0.45 
:s:: VOUT s vcc 
(Note 2) 


Icc 
Supply Current Cold (RESET) 
BOC1BBEB-16 
90 
mA 
(Note 3) 


. 
BOC1BBEB-13 
70 
mA 
(Note 3) 


BOC1BBEB-B 
50 
mA 
(Note 3) 


110 
Supply Current Idle 
BOC1BBEB-16 
63 
mA 


BOC1BBEB-13 
42 
mA 


BOC1BBEB-B 
35 
mA 


Ipo 
Supply Current Powerdown 
BOC1BBEB-16 
100 
JJ-A 


BOC1BBEB-13 
100 
JJ-A 


BOC1BBEB-B 
100 
JJ-A 


CIN 
Input Pin Capacitance 
0 
15 
pF 
TF = 1 MHz 


COUT 
Output Pin Capacitance 
0 
15 
pF 
TF = 1 MHz (Note 4) 


NOTES: 
1, These pins have an internal pull-up resistor that is active while RESIN is low and ONCE Mode is not active, 
2, Output pins being floated during HOLD or by invoking the ONCE Mode, 
3, Measured at worst case frequency, vcc. and temperature with all outputs loaded as specified in A.C, Test Conditions, and 
the RESIN pin held low, 
• 


4, Output capacitance is the capacitive load of a floating output pin, 
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ICC VERSUS 
FREQUENCY 


TClKOUT (MHz) 
270885-7 
(a) Under Test Conditions 


OL-----------------~ 
o 
16 


TClKOUT (MHz) 
270885-8 


(b) Typical 
Operation 


PDTMR 
Pin Capacitance 
Chart 


Capacitive 
Load 
(pr) 


i 


./ 
(Vcc = 5.5V) 


~ 
(Vcc = 4.5V) 


Time 
Delay (J's) 


Typical 
Start Up Delay 


270885-35 
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TARGETED A.C. SPECIFICATIONS 


TARGETED A.C. Characterlstlcs-80C188EB-16 


Symbol 
Parameter 
TARGET 
TARGET 
Units 
Notes 
Mln 
Max 


INPUT CLOCK 


TF 
CLKIN Frequency 
0 
32 
MHz 
1 


Tc 
CLKIN Period 
31.25 
00 
ns 
1 


TCH 
CLKIN High Time 
10 
00 
ns 
1,2 


TCL 
CLKIN Low Time 
10 
00 
ns 
1,2 


TCR 
CLKIN Rise Time 
1 
8 
ns 
1,3 


TCF 
CLKIN Fall Time 
1 
8 
ns 
1,3 


OUTPUT 
CLOCK 


TCD 
CLKIN to CLKOUT 
Delay 
0 
.20 
ns 
1,4 
T 
CLKOUT 
Period 
2*Tc 
ns 
1 
TpH 
CLKOUT 
High Time 
(T/2) 
- 
5 
(T/2) + 5 
ns 
1 
TpL 
CLKOUT 
Low Time 
(T/2) 
- 
5 
(T/2) + 5 
ns 
1 
TpR 
CLKOUT 
Rise Time 
1 
6 
ns 
1,5 
TpF 
CLKOUT 
Fall Time 
1 
6 
ns 
1,5 


OUTPUT 
DELA VS 


TCHOV1 
ALE, S2:0, DEN, DT IR, RFSH, 
3 
22 
ns 
1,4,6,7 
LOCK,A19:8 


TCHOV2 
GCSO:7, [CS, 
OCS, RD, WR 
3 
27 
ns 
1,4,6,8 


TCLOV1 
RFSH, DEN, LOCK, RESOUT, 
HLDA, 
3 
22 
ns 
1,4,6 
TOOUT, T10UT, 
A19:8 


TCLOV2 
RD, WR, GCS7:O, [CS, 
OCS, 
- 
3 
27 
ns 
1,4,6 
A7:0, NCS,INTA1:0, 
S2:0 


TCHOF 
RD, WR, RFSH, DTIR, 
0 
25 
ns 
1 
LOCK, S2:0, A 19:8 


TCLOF 
DEN,A7:0 
0 
25 
ns 
1 


SVNCHRONOUSINPUTS 


TCHIS 
TEST, NMI, INT4:0, T11N 
10 
ns 
1,9 
T21N, READY, RESIN, CTSf:O 


TCHIH 
TEST, NMI, INT4:0, T11N 
0 
ns 
1,9 
T21N, READY, CTS1 :0 


TCLlS 
A7:0 
10 
ns 
1,10 


TCLlS 
READY 
13 
ns 
1,10 


TCLlH 
READY,A7:0 
0 
ns 
1,10 


TCLlS 
HOLD, RESIN 
10 
ns 
1,9 


TCLlH 
HOLD 
0 
ns 
1,9 


NOTES: 
1. See A.C. Timing Waveforms, for waveforms and definition. 
2. Measure at VIH for high time, VILfor low time. 
3. Only required to guarantee Ice. Maximum limits are bounded by TC, TCHand TCL. 
4. Specified for a 50 pF load, see Figure 15 for capacitive derating information. 
5. Specified for a 50 pF load, see Figure 16 for rise and fall times outside 50 pF. 
6. See Figure 16 for rise and fall times. 
7. TCHOVlapplies to RFSFi, LOCK and A19:8 only after a HOLD release. 
8. TCHOV2applies to Rl5 and WR only after a HOLD release. 
9. Setup and Hold are required to guarantee recognition. 
10. Setup and Hold are required for proper 80C188EB operation. 
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TARGETED 
A.C. SPECIFICATIONS 
(Continued) 


TARGETED 
A.C. Characteristics-80C188EB-13 


Symbol 
Parameter 
TARGET 
TARGET 
Units 
Notes 
Mln 
Max 


INPUT CLOCK 


'" 


TF 
CLKIN Frequency 
0 
26.08 
MHz 
1 


Tc 
CLKIN Period 
38.34 
00 
ns 
1 


TCH 
CLKIN High Time 
12 
00 
ns 
1.2 


TCL 
CLKIN Low Time 
12 
00 
ns 
1.2 


TCR 
CLKIN Rise Time 
1 
8 
ns 
1.3 


TCF 
CLKIN Fall Time 
1 
8 
ns 
1.3 


OUTPUT 
CLOCK 


TCD 
CLKIN to CLKOUT 
Delay 
0 
23 
ns 
1.4 
T 
CLKOUT 
Period 
2·Tc 
ns 
1 
TpH 
CLKOUT 
High Time 
(T/2) 
- 
5 
(T/2) + 5 
ns 
1 
TpL 
CLKOUT 
Low Time 
(T/2) 
- 
5 
(T/2) + 5 
ns 
1 
TpR 
CLKOUT 
Rise Time 
1 
6 
ns 
1.5 
TpF 
CLKOUT 
Fall Time 
1 
6 
ns 
1.5 


OUTPUT 
DELAYS 


TCHOVl 
ALE. S2:0. DEN. DT IR. RFSH. 
3 
25 
ns 
1.4.6.7 
LOCK.A19:8 


TCHOV2 
GCSO:7. ~. 
DCS. RD. WR 
3 
30 
ns 
1.4.6.8 


TCLOVl 
RFSR. DEN. IOa<. 
RESOUT. 
HLDA. 
3 
25 
ns 
1.4.6 
TOOUT. T10UT. 
A19:8 


TCLOV2 
RD. WR. GCS7:O. ~. 
DCS. 
3 
30 
ns 
1.4.6 
A7:0. NCS.INTA1:0. 
S2:0 


TCHOF 
RD. WR. RFSR. DT IR. 
0 
25 
ns 
1 
IOa<. 
S2:0. A 19:8 


TCLOF 
DEN.A7:0 
f 
0 
25 
ns 
1 
SYNCHRONOUS 
INPUTS 


TCHIS 
TEST. NMI.INT4:0. 
T11N 
10 
ns 
1.9 
T2IN. READY. RESfiii. C'ffifl) 


TCHIH 
TEST. NMI.INT4:0. 
T11N 
0 
ns 
1.9 
T2IN. READY. C'ffifl) 


TCLlS 
A7:0 
. 


10 
ns 
1.10 


TCLlS 
READY 
13 
ns 
1.10 


TCLlH 
READY.A7:0 
"' 
0 
ns 
1.10 


TCLlS 
HOLD. RESfiii 
10 
ns 
1.9 


TCLlH 
HOLD 
0 
ns 
1.9 


NOTES: 
1. See A.C. Timing Waveforms, for waveforms and definition. 
2. Measure at VIH for high time, VIL for low time. 
3. Only required to guarantee Icc. Maximum limits are bounded by Tc. TCHand TCL. 
4. Specified for a 50 pF load, see Figure 15 for capacitive derating information. 
5. Specified for a 50 pF load, see Figure 16 for rise and fall times outside 50 pF. 
6. See Figure 16 for rise and fall times. 
7. TCHOVl applies to AFSR, [OQ( and A8:0 only after a HOLD release. 
8. TCHOV2applies to Ri) and WR only after a HOLD release. 
9. Setup and Hold are required to guarantee recognition. 
10. Setup and Hold are required for proper 80C188EB operation. 
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TARGETED A.C. SPECIFICATIONS (Continued) 


TARGETED A.C. Characteristics-80C188EB-8 


Symbol 
Parameter 
TARGET 
TARGET 
Units 
Notes 
Mln 
Max 


INPUT CLOCK 


TF 
CLKIN Frequency 
0 
16 
MHz 
1 


Tc 
CLKIN Period 
62.5 
00 
ns 
1 


TCH 
CLKIN High Time 
15 
00 
ns 
1,2 


TCL 
CLKIN Low Time 
15 
00 
ns 
1,2 


TCA 
CLKIN Rise Time 
1 
8 
r'ls 
1,3 


TCF 
CLKIN Fall Time 
1 
8 
ns 
1,3 


OUTPUT 
CLOCK 


TCD 
CLKIN to CLKOUT 
Delay 
0 
27 
ns 
1,4 
T 
CLKOUT 
Period 
2°Tc 
ns 
1 
tpH 
CLKOUT 
High Time 
(T/2) 
- 
5 
(T/2) + 5 
ns 
1 
TpL 
CLKOUT 
Low Time 
(T/2) 
- 
5 
(T/2) + 5 
ns 
1 


TpA 
CLKOUT 
Rise Time 
1 
6 
ns 
1,5 
TpF 
CLKOUT 
Fall Time 
1 
6 
ns 
1,5 


OUTPUT 
DELA VS 


TCHOV1 
ALE, S2:0, DEN, DT IR, RFSH, 
3 
30 
ns 
1,4,6,7 
LOCK, A19:8 


TCHOV2 
GCSO:7, LCS, UCS, RD, WR 
3 
35 
ns 
1,4,6,8 


TCLOV1- 
RFSH, DEN, LOCK, RESOUT, 
HLDA, 
3 
30 
ns 
1,4,6 
TOOUT, T1 OUT, A 19:8 


TCLOV2 
RD, WR, GCS7:0, LCS, UCS, 
3 
35 
ns 
1,4,6 
A7:0, NCS, INTA1:0, S2:0 
- 


TCHOF 
RD, WR, RFSH, DT IR, 
0 
30 
ns 
1 
LOCK, S2:0, A 19:8 


TCLOF 
DEN,A7:0 
0 
35 
ns 
1 


SVNCHRONOUSINPUTS 


TCHIS 
TEST, NMI, INT4:0, T11N 
10 
ns 
1,9 
T2IN, READY, RESIN, CTS1:0 


TCHIH 
TEST, NMI, INT4:0, T11N 
0 
ns 
1,9 
T2IN, READY, CTS1 :0 


TCLls 
AD7:0 
10 
ns 
1,10 


TCLlS 
READY 
13 
ns 
1,10 


TCLlH 
READY,A7:0 
- 
0 
ns 
1, 10 


TCLlS 
HOLD, RESIN 
10 
ns 
1,9 


TCLlH 
HOLD 
0 
ns 
1,9 


NOTES: 
1. See A.C. Timing Waveforms, for waveforms and definition. 
2. Measure at VIH for high time, VIL for low time. 
3. Only required to guarantee Icc. Maximum limits are bounded by TC, TCHand TCL. 
4. Specified for a 50 pF load, see Figure 15 for capacitive derating information. 
5. Specified for a 50 pF load, see Figure 16 for rise and fall times outside 50 pF. 
6. See Figure 16 for rise and fall times. 
7. TCHOVlapplies to RFSH, COCKand A19:8 only after a HOLD release. 
8. TCHOV2applies to AD and WA only after a HOLD release. 
9. Setup and Hold are required to guarantee recognition. 
10. Setup and Hold are required for proper 60C168EB operation. 
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TARGETED 
A.C. SPECIFICATIONS 
(Continued) 


TARGETED 
Relative Timings 
(80C188EB-16, 
-13, -8) 


Symbol 
Parameter 
TARGET 
TARGET 
Unit 
Notes 
Mln 
Max 


RELATIVE 
TIMINGS 


TLHLL 
ALE Rising to ALE Falling 
T - 
15 
, 
ns 


TAVLL 
Address Valid to ALE Falling 
%T - 
10 
ns 


TpLLL 
Chip Selects 
Valid to ALE Falling 
%T - 
10 
ns 
1 


TLLAX 
Address 
Hold from ALE Falling 
%T - 
10 
ns 


TLLWL 
ALE Falling to WR Falling 
%T - 
15 
ns 
1 


TLLRL 
ALE Falling to RD Falling 
%T - 
15 
ns 
1 


TWHLH 
WR Rising to ALE Rising 
%T - 
10 
ns 
1 


TAFRL 
Address 
Float to RD Falling 
0 
ns 


TRLRH 
RD Falling to RD Rising 
(2'T) 
- 5 
ns 
2 


TWLWH 
WR Falling to WR Rising 
(2*T) 
- 5 
ns 
2 


TRHAX 
RD Rising to Address Active 
T - 
15 
'. 
ns 


TWHDX 
Output Data Hold after WR Rising 
T - 
1'5 
ns 


TWHPH 
WR Rising to Chip Select Rising 
%T - 
10 
ns 
1 


TRHPH 
RD Rising to Chip Select Rising 
%T - 
10 
ns 
1 


TpHPL 
CS Active to CS Inactive 
%T - 
10 
ns 
1 


TOVRH 
ONCE Active to RESIN Rising 
%T 
ns 


TRHOX 
ONCE Hold from RESIN Rising 
%T 
ns 


NOTES: 
1. Assumes 
equal loading 
on both pins. 
2. Can be extended 
using wait states. 
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TARGETED 
A.C. SPECIFICATIONS 
(Continued) 


TARGETED 
Serial Port Mode 0 Timings (80C188EB-16, 
-13, -8) 


Symbol 
Parameter 
TARGET 
TARGET 
Unit 
Notes 
Min 
Max 


TXLXL 
TXD Clock Period 
T + nT - 
10 
ns 
1,2 


TXLXH 
TXD Clock Low to Clock High (n > 1) 
2T - 
10 
ns 
1,2 


TXLXH 
TXD Clock Low to Clock High (n > 1) 
T - 
10 
ns 
1,2 


TXHXL 
TXD Clock High to Clock Low 
(n - 
1) T - 
10 
ns 
2 


TavxH 
RXD Output Data Setup to TXD Clock High 
nT - 
20 
ns 
1 


TXHQX 
RXD Output Data Hold after TXD Clock High 
T - 
20 
ns 
1 


TXHQZ 
RXD Output Data Float after Last TXD Clock High 
T + 20 
ns 
1 


TDVXH 
RXD Input Data Setup to TXD Clock High 
T + 20 
ns 
1 


TXHDX 
RXD Input Data Hold after TXD Clock High 
0 
ns 
1 


NOTES: 
1. See Figure 
14 for waveforms. 


2. n is the value 
of the BxCMP 
register 
ignoring 
the iCLK bit (i.e., ICLK = 0). 
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A.C. TEST CONDITIONS 


CL = 50 pF for all signals. 


OUTPUT 
PIN 
The A.C. specifications are tested with the 50 pF 
load shown in Figure 9. See the Derating Curves 
section to see how timings vary with load capaci- 
tance. 
270885-9 


Specifications are measured at the Vcc/2 crossing 
point, unless otherwise specified. See A.C. Timing 
Waveforms, for A.C. specification definitions, test 
pins, and illustrations. 


Figure 9. A.C. Test Load 
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Figure 10. Input ,and Output Clock Waveform 
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NOTE: 
20% 
VCC < Float < 80% 
VCC 


Figure 11. Output Delay and Float Waveform 
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Figure 12. Input Setup and Hold 
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Figure 14. Serial Port Mode 0 Waveform 
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DERATING 
CURVES 
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Figure 15 
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VERSUS 
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Figure 16 
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RESET 


80C188EB 


~he 80C188EB ~iII ~rform 
a reset operation any 
time the RESiN pm active. The RESiN pin is actually 
synchronized before it is presented internally, which 
means that the clock must be operating before a 
reset can take effect. From a power-on state, ~ 
must be held active (Iow) in order to guarantee cor- 
rect initialization of the 80C188EB. Failure 
to pro- 


vide RESIN while the device 
Is powerlng 
up will 
result 
In unspecified 
operation 
of the device. 


Figure 17 shows the correct reset sequence when 
first applying power to the 80C188EB. An external 
clock connected to CLKIN must not exceed the vcc 
threshold being applied to the 80C188EB. This is 
n<;>rmallynot a problem if the clock driver is supplied 
With the same vcc that supplies the 80C188EB. 
When attaching a crystal to the device, RESiN must 
remain active until both vcc and CLKOUT are stable 
(the length of time is application specific and de- 
p~nd.s on the startup characteristics of the crystal 
circuit). The RESIN pin is deSigned to operate cor- 
rectly using an RC reset circuit, but the designer 


must ensure that the ramp time for vcc is not so 
long that RESiN is never really sampled at a logic 
low level when vcc reaches minimum operating 
conditions. 


Figure 17 shows the timing sequence when F\ESiN 
is applied after vcc is stable and the device has 
been operating. Note that a reset will terminate all 
~ctivity and return the 80C188EB to a known operat- 
I~gstate. An~ bus operation that is in progress at the 
time ~ 
IS asserted will terminate immediately 
(note that most control signals will be driven to their 
inactive state first before floating). 


While RESiN 
is active, bus signals ~, 
A19/ 
~, 
and A18:16 are configured as inputs and 
wea~~8eld 
high by internal pullup transistors. Only 
19/ 
E can be overdriven to a low and is used to 
enable ~ 
Mode. Forcing ~ 
or A18:16 low at 
any time while RESiN is low is prohibited and will 
cause unspecified device operation. 
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NOTE: 
CLKOUT 
synchronization 
occurs 
on the rising edge of RESiN. If ~ 
is sampled 
high while CLKOUT 
is high (solid line), then CLKOUT 
will remain 
low for two CLKIN 
periods. 
If RESiN is sampled 
high while CLKOUT 
is low (dashed 
line), then CLKOUT 
will not be affected. 
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WARM 
RESET 
WAVEFORMS 
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Figure 18 
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BUS CYCLE WAVEFORMS 


80C188EB 


Figures 20 through 26 present the various bus cy- 
cles that are generated by the 80C188EB. What is 
shown in the figure is the relationship of the various 
bus signals to CLKOUT. These figures along with 
the information present in A.C. Specifications 
allow 
the user to determine all the critical timing analysis 
needed for a given application. 


Figure 19 shows the 80C188EB bus state diagram. 
Typically a bus cycle will consist of four consecutive 
states labeled T1, T2, T3, and T4. A TI state exists 
when no bus cycle is pending. A TI state can occur if 
the pre-fetch queue is full, the BIU is waiting for the 
completion of an effective address calculation, or 
the BIU is told to wait for a pending EU bus opera- 
tion. The latter case will occur most often during the 
sequencing of an interrupt acknowledge or during 
the execution of numerics escape instructions. 


Aside from TI states, multiple T3 states can occur 
during a bus cycle if READY is not returned in time 
(or the CSU has been programmed to automatically 
insert wait-states). A T3 state will be followed by ei· 
ther a T4 state (if a bus cycle is pending), or a TI 
state (if no bus cycle is pending). Only multiple T3 or 
TI states can exist (i.e., there is no way to extend the 
T1, T2, or T4 states). 


Figures 20 and 21 present a typical bus read and 
write operation respectively. Bus read operations in- 
clude memory, 1/0, instruction fetch, and refresh 
bus cycles. Bus write operations include memory 


and I/O bus cycles. The only variation among the 
different bus cycles would be the range of address 
generated and the state of the status signals. 


The Halt bus cycle is shown in Figure 22. Note that 
the condition of the AD7:0 pin can be either floating 
or driving depending on the operation of the bus cy- 
cle that preceded the Halt. The pins will float if the 
previous bus cycle was a read, otherwise they will 
drive. None of the control signals (e.g., RD, WR, 
DEN, etc.) will be activated, however. 


Figure 21 shows the sequence of bus cycles run 
when an interrupt is acknowledged and the ICU has 
been programmed for Cascade Mode. Note the ad- 
dress information is not valid for the two bus cycles 
run, however, also note that RD and WR are not 
generated. Vector information needs to be returned 
during the second bus cycle. 


Figures 24 and 25 present the operation of bus 
HOLD. Figure 24 shows how bus HOLD is entered 
and exited under normal operating conditions. Fig- 
ure 25 shows the effect specific bus signals have 
when a refresh bus cycle request has been generat- 
ed and the bus is currently unavailable due to a bus 
HOLD. - 


The effects of READY on bus operation is shown in 
Figure 26. READY is useful in extending the bus cy- 
cle to meet the various access requirements for 
memory and peripheral devices in the system. Addi- 
tional T3 states added to the bus cycle have been 
appropriately labeled Tw. 


HOLD Asserted 
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Figure 19. 80C188EB Bus States 
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BUS CYCLE WAVEFORMS 
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Figure 21 
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NOTES: 
1. Address 
value 
is same as previous 
cycle. 
2. AD7:0 
will float if previous 
cycle was read. or drive if previous 
cycle 
was write. 


Figure 22 
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Figure 23 
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NOTES: 
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READ cycles, 
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WRITE 
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NOTES: 
1. READY 
must be low by either 
edge to cause 
a wait state. 
2. Lighter 
lines indicate 
READ cycles, 
darker 
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Figures 27 through 34 present the bit definition 'of 
each register that is active (not reserved) in the Pe- 
ripheral Control Block (PCB). Each register can be 
thought to occupy one word (16-bits) of either mem- 
ory or I/O space, although not all bits in the register 
necessarily have a function. A register bit is not 
guaranteed to return a specific logic value if an "X" 
appears for the bit definition (Le., if a zero was writ- 
ten to the register bit it may not be returned as a 
zero when read). Furthermore, a 0 must be written to 
any bit that is indicated by an "X" to ensure compati- 
bility with 
future 
products 
or 
potential 
product 
changes. 


Not all defined register bits can be read and/or writ- 
ten, although most registers are read/write. Some 
registers, like the P1DIR register, exist but do not 
have any effect on the operation of the 80C188EB. 
For example, the Port1 pins are output only and can- 
not be changed by programming the P1DIR register. 
However, the P1DIR register can still be read and 
written-which 
allows the P1DIR register to be used 
as a temporary 8-bit data register. 


Reads and writes to any of the PCB registers will 
cause a bus cycle to be run externally, however, 
none of the chip selects will go active (even if they 
"Overlapthe PCB address range). Data read back 
from the AD7:0 bus is ignored, and all cycles will 
take zero wait states (except accesses to the Timer/ 
Counter registers which take one wait state due to 
internal synchronization). 


Figures 27 and 28 present the registers associated 
with the Interrupt Control Unit (ICU). A write to the 
MASK (08H) register will also effect the correspond- 
ing MSK bit in each of the control registers (e.g., 
setting the TMR bit in the MASK register will also set 
the MSK bit in the TMRCON register). 


The Timer/Counter Unit registers are presented in 
Figure 29. The compare and count registers are not 
initialized after reset and must be set correctly dur- 
ing initialization to ensure the timer operates correct- 
ly the first time it is enabled. 


Figure 30 presents the I/O Port UNIT (IPU) registers. 
Only PD6 and PD7 or of the P2DIR register have any 
effect on the direction of the port pins (P2.6 and 
P2.7 respectively). The unused bits of P2DIR and all 
the bits of P1DIR can be thought of having latches 
that can be read and written. The two PxLTCH regis- 
ters have all 8-bits implemented, however, only 
those port pins which can function as outputs actual- 
ly use the value programmed into the latch. Other- 
wise (like the P1DIR register), the registers can be 
thought of being an 8-bit data register. 


Figure 31 presents the register bit definitions of the 
Serial Communications Unit (SCU).The transmit and 
receive buffer registers are both readable and write- 
able. Note that a read from SxSTS register will clear 
all of the status information (except for CTS, which 
actually is derived from the pin itself). 


The Chip-Select Unit (CSU) registers are presented 
in Figure 33 and the Refresh Control Unit (RCU) reg- 
isters are presented in Figure 32. The RFADDR reg- 
ister will indicate the current refresh address when 
read, and a write to the register will change the next 
refresh address generated. 


Figure 34 presents the 
PWRCON register and 
STEPID register. The STEPID register contains step- 
ping identifier that mayor may not change any time 
there is a change to the 80C188EB silicon die. The 
STEPID is for Intel use and can change at any time. 
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Figure 28. Interrupt 
Control 
Unit Registers 
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Figure 30. 1/0 Port Unit Registers 
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BR12 
12 
BC12 
12 
X 
12 
X 
12 
X 


13 
BR13 
13 
BCB 
13 
X 
13 
X 
13 
X 


•• 
BR14 
•• 
BC14 
•• 
X 
•• 
X 
•• 
X 


" 
IClK 


1 •• UH Internal Clock 
" 
X 


" 


X 
" 
X 
" 
X 
o = U•• 
External Clock 
~~~~~~ 
~~~~~=~~~=~~:~ 
~~~~~:=~ 
SxR8ur (68.7SH) 
SxTBur (&AH,7AH) 
RESET" 0 
RESET:E0 
RESET" 0 
RESET""0008H 
RESET•• 0 


270885-31 


Figure 31. Serial Communications 
Unit Registers 


•• 
•• 
•• 
o 
wso 
o 
RDY 
1 = [nobl. 
READYPin 
• 
A8 


WSl 
MEM 
1 = Decode 
W.mor), Space 
A9 
} 
Wait-Slat. 
o = Decod. 
I/O Space 


WS2 
SeIKt (o-IS) 
ISTOP 
1 = Oi.abltl Stop Addr••• 
A10 
eom••••• 


WS3 
CS EN 
1 •• £nab •• Chip-Select 
All 


X 
X 
A12 


X 
X 
A13 
Starting 
Add,.. •• 


CSO 
CSO 
A14 
For PeB 


CSl 
CSl 
A15 


CS2 
CS2 
A16 


CS3 
CS3 
A17 
I. 
CS4 
Chlp-S.~t 
I. 
CS4 


Chip-Select 
I. 
A18 
Startlng 
Add,.... 
Stopping 
Add,.... 


11 
CS5 
~""t:l0 Memory) 
11 
CS5 
~""9:10 Wemory) 
11 
A19 
0415:61/0) 
1.15:61/0) 


12 
CS6 
12 
CS6 
12 
MEM 
1 = PCB I. In wemory 
Space 


o = PC8 Is In I/O Space 


13 
CS7 
13 
CS7 
13 
X 


14 
CS8 
•• 
CS8 
14 
X 


" 
CS9 
" 
CS9 
" 


TRAP 


1 = TRAP on ESC Opcode 
o = Execute 
ESC Opcode 
GCSllST (80, U, 
M, to, t., ta, 9tH) 
GCSllST (82,86, 
BA, 8E, 92, 96, 9A, 9tH) 
RD..REG(UH) 
lCSST (AOH) 
lCSSP 
(AlH) 
RESET= OOFTH 
UCSST (•••• 
) 
UCSSP (ASH) 
RESET= FFCfH 
RESETz: FfCH 
(GCSllSP,lCSSP) 


RESET= FfCfH (UCS) 
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Figure 32. Chip-Select 
Unit Registers 
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80C188EB 


bit 
bit 
bit 
bit 
• 
RA13 
• 
RCO 
• 
RCO 
• 
1 


RA14 
RCl 
RCl 
RAl 


RA1S 
RC2 
RC2 
RA2 


RA16 }-"- 


RC3 
RC3 
RA3 
bit. ioU-AI' 
CU~"t 
•• frl.h 
RA17 
RC4 
Inm.. .Itre.., 
RC4 
aock 
~nt 
RA4 
Re,quIst 
Qock 
Count 
(R.ad 
Onl,) 
RA18 
RCS 
RCS 
RAS 


RA19 
RC6 
RC6 
RA6 
Current aet,...h 


X 
RC7 
RC7 
RA7 
Addr ••• 


X 
RC8 
RC8 
RA8 


X 
X 
X 
RA9 
I. 
X 
I. 
X 
I. 
X 
I. 
RA10 


11 
X 
11 
X 
11 
X 
11 
RAn 


12 
X 
12 
X 
12 
X 
12 
RA12 


13 
X 
13 
X 
13 
X 
13 
X 
•• 
X 
•• 
X 
,. 
X 
,. 
X 


" 
X 
" 
X 
" 
REN 
''"' 
Enable 
Refr •• h 
" 
X 


RFBASE (80H) 
RrnNE (82H) 
RF'CON (84M) 
.'ADDR (BlH) 
RESET. 
OH 
RESET. 
OH 
RESET. 
OH 
RESET·'FF'fH 
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Figure 33. Refresh Control Unit Registers 


•• 
•• 
• 
lOBI }s) 


• 
PWRON 
, • 
Enabte PowerDown MocM 


IOB2 
IDLE 
I·E~Id""ode 


IOB3 
X 
(..ttlng 
both ruult. 


In 
no 
operation) 
IOB4 
X 


X 
X 


X- 
X 


X 
X 


X 
X 


X 
X 


X 
X 
I. 
X 
I. 
X 


11 
X 
11 
X 


12 
X 
12 
X 


13 
X 
13 
X 
,. 
X 
,. 
X 
,. 
X 
" 
X 


sttP1D 
(Oat) 
PW1ICOH 
(OOH) 
1tES[T. 
lH for A-STEP 
11£S[T 
•• 
270885-34 


Figure 34. Power Management 
Unit Registers 


1-400 


inter 


80C188EB 
EXECUTION 
TIMINGS 


80C188EB 


A determination 
of 80C188EB 
program 
execution 
timing 
must 
consider 
the 
bus cycles 
necessary 
to 
prefetch 
instructions 
as well as the number 
of exe- 
cution unit cycles necessary 
to execute 
instructions. 
The following 
instruction 
timings 
represent 
the mini- 
mum execution 
time in clock cycles for each instruc- 
tion. The timings 
given are based 
on the following 
assumptions: 


• 
The opcode, 
along with any data or displacement 
required 
for execution 
of a particular 
instruction, 
has been prefetched 
and resides 
in the queue at 
the time it is needed. 


• 
No wait states or bus HOLDs 
occur. 


All instructions 
which involve 
memory 
accesses 
can 
require one or two additional 
clocks 
above the mini- 
mum timings 
shown due to the asynchronous 
hand- 
shake between 
the bus interface 
unit (BIU) and exe- 
cution 
unit. 


All jumps and calls include the time required to fetch 
the opcode 
01 the next instruction 
at the destination 
address. 


The 80C188EB 
8-bit BIU is noticeably 
limited 
in its 
performance 
relative 
to the execution 
unit. A suffi- 
cient number 
of prefetched 
by1es may not reside 
in 
the prefetch 
queue much of the time. Therefore, 
ac- 
tual 
program 
execution 
time 
will 
be 
substantially 
greater than that derived from adding the instruction 
timings 
shown. 


1-401 


inter 
80C188EB 


INSTRUCTION 
SET SUMMARY 


Function 
Format 
Clock 
Comments 


"1 
I 
, 
,- 
Cycles 


DATA TRANSFER 
MOY = Move: 


Register to RegisterlMemory 
1000100w 
I 
mod reg rIm 
I 
2/12 


Registerlmemory to register 
1000101w 
I 
modreg rIm 
1 
2/9 


Immediate to registerlmemory 
1100011 
w 
1 
mod 000 rIm I 
data 
I 
dataifw=1 
1 
12-13 
8/16-bit 


Immediate to register 
1011 
w reg I 
data 
I 
dataifw=1 
1 
I 
3-4 
8/16-bit 


Memory to accumulator 
1010000w 
I 
addr-Iow 
1 
addr-high 
1 
8 


Accumulator to memory 
1010001w 
I 
addr-Iow 
I 
addr-high 
1 
9 


Registerlmemory to segment register 
10001110 
I modO reg rIm 
1 
2/9 


Segment register to registerI memory 
10001100 
I modO reg rIm 
1 
2/11 


PUSH = Push: 


Memory 
I 
11111111 
1 
mod 110 
rIm I 
16 


Register 
I 
01010reg 
I 
10 


Segment register 
I 
000reg110 
I 
9 
,,,,.,,~, 
I 
lit 
!,,(tala 
I 
+",r 
!mtI'J!!~~_ 
~ 
:;Jd')' 
""'""'"""'''''''! 
e,u~~~y 


"" J ... 
,"'!!~Xk 1"'" 
"\\\38+ 


POP = Pop: 


Memory 
I 
10001111 
I 
modOOO rIm I. 
20 


Register 
I 
01011 
reg I 
10 


Segment register 
I 
OOOreg 111 
I 
(reg*01) 
8 


"-,",', 
' 
I 
.' 
e9P~!:t~! 
I 
r,[ 
'& 
! 
1'!!g~i!if3G 
m, 


XCHG = Exchange: 


RegisterI memory with register 
I 
1000011w 
1 
mod reg rIm 
1 
4/17 


Register with accumulator 
I 
10010reg 
1 
3 


IN = Input from: 


Fixed port 
I 
1110010w 
I 
port 
1 
10 


Variable port 
I 
1110110w 
1 
8 


OUT = Output to: 


Fixed port 
I 
1110011 
w I 
port 
1 
9 


Variable port 
I 
1110111 
w 
1 
7 


XLAT = Translate byte to AL 
I 
11010111 
11 


LEA = Load EA to register 
10001101 
mod reg rIm 
1 
6 


LDS = Load pointer to DS 
11000101 
modreg 
rIm 
1 
(mod=f t) 
18 


LES = Load pointer to ES 
11000100 
modreg rIm 
1 
(mod=f t) 
18 


LAHF = Load AH with flags 
10011111 
2 


SAHF = Store AH into flags 
10011110 
I 
3 


PUSHF = Push flags 
10011100 
1 
9 


POPF = Pop flags 
I 
10011101 
1 
8 


Shaded 
areas indicate 
Instructions 
not available 
In 8086, 
8088 
rnicrosysterns. 
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inter 
80C188EB 


INSTRUCTION 
SET SUMMARY 
(Continued) 


Function 
Format 
Clock 
Comment. 
Cycle. 


DATA TRANSFER (Continued) 
SEGMENT = Segment Override: 


CS 
I 
00101110 
I 
2 


SS 
I 
00110110 
I 
2 


OS 
I 
00111110 
I 
2 


ES 
I 
00100110 
I 
2 


ARITHMETIC 
ADD = Add: 


Reg/memory with register to either 
I 
OOOOOOdw 
I 
modreg rIm 
I 
3/10 


Immediate to register/memory 
I 
100000sw 
I modOOO rIm I 
data 
I data if s w= 01 I 
4/16 


Immediate to accumulator 
I 
0000010w 
I 
data 
I 
dataifw=1 
I 
3/4 
8/16-bit 


ADC = Add with carry: 


Reg/memory with register to either 
I 
000100dw 
I 
mod reg rIm 
I 
3/10 


Immediate to register/memory 
I 
100000sw 
I 
modO 10 rIm I 
data 
I data if s w=01 I 
4/16 


Immediate to accumulator 
I 
0001010w 
I 
data 
I 
dataifw=1 
I 
3/4 
8/16-bit 


INC = Increment: 


Register/memory 
I 
1111111w 
I modOOO rIm I 
3/15 


Register 
I 01000reg 
I 
3 


SUB = Subtract: 


Reg/memory and register to either 
I 001010dw 
I 
modreg rIm 
I 
3/10 


Immediate from register/memory 
I 
100000sw 
I mod 1 0 1 rIm I 
data 
I data if s w=01 I 
4/16 


Immediate from accumulator 
I 0010110w 
I 
data 
I 
dataifw=1 
I 
3/4 
8/16-bit 


SBB = Subtract with borrow: 


Reg/memory and register to either 
I 000110dw 
modreg rIm 
I 
3/10 


Immediate from register/memory 
I 
100000sw 
modO 11 rIm I 
data 
I data if s w=01 I 
4116 


Immediate from accumulator 
I 0001110w 
data 
I 
dataifw=1 
I 
3/4 
8/16-bit 


DEC = Decrement 


Register/memory 
I 
1111111w 
mod001 
rIm I 
3/15 


Register 
I 01001reg 
3 


CMP = Compare: 


Register/memory with register 
I 0011101 
w 
modreg rIm 
I 
3110 


Register with register/memory 
I 0011100w 
modreg rIm 
I 
3110 


Immediate with register/memory 
100000sw 
mod111 
rIm I 
data 
I dataifsw=01 
I 
3110 


Immediate with accumulator 
0011110w 
data 
I 
dataifw=1 
I 
3/4 
8/16-bit 


NEG = Change sign register/memory 
1111011 
w 
mod011 
rIm I 
3/10 


AAA = ASCII adjust for add 
00110111 
8 


DM 
= Decimal adjustfor add 
00100111 
4 


MS 
= ASCII adjust for subtract 
00111111 
7 


DAS = Decimal adjust for subtract 
00101111 
I 
4 


MUL = Multiply (unsigned): 
1111011w 
I 
mod 100 rIm I 
Register-Byte 
26-28 
Register-Word 
35-37 
Memory-Byte 
32-34 
Memory-Word 
41-43 


Shaded 
areas indicate 
Instructions 
not available 
In 8086, 
8088 
rmcrosystems. 
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inter 
80C188EB 


INSTRUCTION 
SET SUMMARY 
(Continued) 


Function 
Format 
Clock 
Comment. 
Cycle. 


ARITHMETIC (Continued) 


IMUL = Integer multiply (signed): 
I 
1111011 
w I mod 1 01 rIm I 
Register-Byte 
25-28 
Register-Word 
34-37 
Memory-Byte 
31-34 
Memory-Word 
40-43 


IMUL = 1!1IegerImmediate multiply 
I 
011010s1 
I 
modreg rim I 
da1a 
I 
da1a1l$=0 
I 
22-25/ 


(signed) 
29-32 


DIY = Divide (unsigned): 
I 
1111011w 
I mod 110 
rIm I 
Register-Byte 
29 
Register-Word 
38 
Memory-Byte 
35 
Memory-Word 
44 


IDlY = Integer divide (signed): 
I 
1111011 
w I mod 111 
rIm I 
Register-Byte 
44-52 
Register-Word 
53-61 
Memory-Byte 
50-58 
Memory-Word 
59-67 


MM 
= ASCII adjust for multiply 
I 
11010100 
I 000011H0 
I 
19 


MD 
= ASCII adjust for divide 
I 
11010101 
I 00001010 
I 
15 


CBW = Convert byte to word 
I 
10011000 
I 
2 


CWD = Convert word to double word I 
10011001 
I 
4 


LOGIC 
Shift/Rotate 
Instructions: 
I 
I 
I 


, 


Register/Memory by 1 
1101000w 
mod TTT r/m 
2115 


I 
I 
I 


-- 


Register/Memory by CL 
1101001w 
modTTTr/m 
5+nI17+n 


Register/Memory by CourIt 
I t 100000w 
I 
modTTTrlm 
I 
count 
I 
.-j+n/17t!) 


TTT Instruction 
000 
ROL 
, 
001 
ROR 
010 
RCL 
011 
RCR 


100 
SHUSAL 
101 
SHR 
111 
SAR 
AND = And: 


Reg/mer:noryand register to either 
I 001000dw 
I 
modreg rIm 
I 
3110 


Immediate to register/memory 
I 
1000000w 
I mod 100 
rIm I 
data 
I 
data ifw= 1 
I 
4116 


Immediate to accumulator 
I 0010010w 
I 
data 
I 
dataifw=1 
I 
3/4 
8116-b~ 


TEST = And lunctlon to Ilags, no result: 


Register/memory and register 
I 
1000010w 
I 
modreg rim 
I 
3110 


Immediate data and registerlmemory 
I 
1111011w 
I modOOO rIm I 
data 
I 
dataifw= 
1 
I 
4110 


Immediate data and accumulator 
I 
1010100w 
I 
data 
I 
dataifw=1 
I 
3/4 
8116-M 


OR=Or: 


Reg/memory and register to either 
I 
000010dw 
I 
modreg rIm 
I 
3110 


Immediate to register/memory 
I 
1000000w 
I modOOI 
rIm I 
data 
I 
dateifw=1 
I 
4/16 


Immediate to accumulator 
I 
0000110w 
I 
data 
I 
dataifw=1 
I 
3/4 
8116-M 


Shaded 
areas Indicate 
Instructions 
not available 
In 8086, 
8088 mlcrosystems, 
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inter 
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INSTRUCTION 
SET SUMMARY 
(Continued) 


Function 
Format 
Clock 
Comment. 
Cycle. 


LOGIC (Continued) 


XOR = Exclusive 
or: 


Reg/ memory and register to either 
I 
001100dw 
I 
modreg 
rIm 
I 
3/10 


Immediate 
to register/memory 
I 
1000000w 
I 
mod 110 
rIm I 
data 
I 
data~w=l 
I 
4/16 


Immediate 
to accumulator 
I 
0011010w 
I 
data 
I 
data~w=l 
I 
3/4 
8/16-M 


NOT = 
Invert register/memory 
I 
1111011 
w I 
modO 
10 
rIm I 
3/10 


STRING 
MANIPULATION 


MOVS 
= Move byte/word 
1010010w 
I 
14 


CMPS 
= Compare 
byte/word 
1010011 
w I 
22 


SCAS 
= Scan byte/word 
1010111 
w I 
15 


LOOS 
= Load byte/wd 
to All AX 
1010110w 
I 
12 


STOS 
= Store byte/wd 
from AL/ AX 
1010101w 
I 
10 


INS = Input byte/wd 
from OX port 
I 
.~ 
--I~ 
--- 


0110110w 
14 


OUTS 
= Output byte/wd 
to OX port 
0110111w 
I 
14 


Repeated 
by count in ex (REP/REPE/REPZ/REPNE/REPNZ) 


MOVS 
= Move string 
11110010 
1010010w 
I 
8+8n 
I 


.- 


CMPS 
= Compare 
string 
1111001 
z 
1010011 
w 
5+22n 


SCAS 
= Scan string 
1111001 
z 
1010111 
w I 
5+15n 


LOOS 
= 
Load string 
11110010 
1010110w 
I 
6+11n 


STOS 
= Store string 
11110010 
1010101 
w I 
6+9n 


INS = input stJjng 
I 
I 


1-"""'- 


11110010 
0110110w 
8+8n 


OUTS = Output string 
I 
11110010 
0110111w 
I 
8+8n 


CONTROL 
TRANSFER 


CALL 
= Call: 


Direct within segment 
I 
11101000 
I 
disp-Iow 
I 
disp-high 
I 
15 


Register/memory 
I 
11111111 
I 
modO 
10 
rIm I 
13/19 
indirect within segment 


Dir~t 
intersegment 
I 
10011010 
I 
segment 
offset 
I 
23 
I 
segment 
selector 
I 


Indirect intersegment 
I 
11111111 
I 
modO 
11 
rIm I 
(mod~ 
(1) 
38 


JMP 
= Unconditional 
Jump: 


Short/long 
I 
11101011 
I 
disp-Iow 
I 
14 


Direct within segment 
I 
11101001 
I 
disp-Iow 
I 
disp-high 
I 
14 


Register/memory 
I 
11111111 
I 
mod 1 00 
rIm I 
11/17 
indirect within segment 


Direct intersegment 
I 
11101010 
I 
segment 
offset 
I 
14 
I 
segment 
selector 
I 


Indirect 
intersegment 
I 
11111111 
I 
rnod t 01 
rIm I 
(mod~ 
(1) 
26 


Shaded 
areas Indicate 
Instructions 
not available 
In 8086, 
8088 microsystems. 
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80C188EB 


INSTRUCTION 
SET SUMMARY 
(Continued) 


Function 
Format 
Clock 
Commenta 
Cycles 


CONTROL TRANSFER (Continued) 
RET = Return Irom CALL: 


Within segment 
I 
11000011 
16 


Within seg adding immed to SP 
I 
11000010 
data-Iow 
I 
data-high I 
18 


Intersegment 
I 
11001011 
22 


Intersegment adding immediate to SP 
I 
11001010 
data-Iow 
data-high I 
25 


JE/JZ = Jump on equal/zero 
I 
01110100 
disp 
4/13 
JMP not 


I 
taken/JMP 
JL/ JNGE = Jump on less/not greater or equal 
01111100 
disp 
4/13 
taken 


JLE/JNG = Jump on less or equal/not greater 
01111110 
disp 
4/13 


JB/JNAE = Jump on below/not above or equal 
01110010 
disp 
4/13 


JBE/JNA = Jump on below or equal/not above 
01110110 
disp 
4/13 
, 


JP/JPE = Jump on parity/parity even 
01111010 
disp 
4/13 


JO = Jump on overflow 
01110000 
disp 
4/13 


JS = Jump on sign 
01111000 
disp 
4/13 


JNE/JNZ = Jump on not equal/not zero 
01110101 
disp 
4/13 


JNL/JGE = Jump on not less/greater or equal 
01111101 
disp 
4/13 


JNLE/JG = Jump on not less or equal/greater 
01111111 
disp 
4/13 


JNB/JAE = Jump on not below/above or equal 
01110011 
disp 
4/13 


JNBE/JA = Jump on not below or equal/above 
01110111 
disp 
4/13 


JNP/JPO = Jump on not par/par odd 
01111011 
disp 
4/13 


JNO = Jump on not overflow 
01110001 
disp 
4/13 


JNS = Jump on not sign 
01111001 
disp 
4/13 


JCXZ = Jump on ex zero 
11100011 
disp 
5/15 


LOOP = Loop ex times 
11100010 
disp 
6/16 
LOOP not 


LOOPZ/LOOPE = Loop while zero/equal 
11100001 
disp 
6/16 
taken/LOOP 
taken 
LOOPNZ/LOOPNE = Loop while not zero/equal 
11100000 
disp 
6/16 


ENTER = Enter Procedure 
11001000 
deta-low 
daIa=Ngh 
I 
l I 
l=O 
15 
L=1 
25 
L>1 
22+ 16(n-l) 


LEAVE - 
Leave Procedure 
I 
11001001 
I 
,"""- 


INT = Interrupt: 


Type specified 
I 
11001101 
I 
type 
I 
47 


Type 3 
I 
11001100 
I 
45 
if INT. taken/ 


INTO = Interrupt on overflow 
I 
11001110 
I 
48/4 
iflNT.nol 


taken 


IRET = Interrupt return 
I 
11001111 
I 
28 


BOUND = Detect value out of range 
I 01100010 
I modreg rIm I 
- 
33-3/i. 
- 


Shaded 
areas 
indicate 
Instructions 
not available 
In 8086, 
8088 rnlcrosystems. 
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INSTRUCTION 
SET SUMMARY 
(Continued) 


80C188EB 


Format 
Clock 
Commenta 
Function 
Cycles 


PROCESSORCONTROL 


ClC = Clearcarry 
11111000 
2 


CMC = Complementcarry 
11110101 
2 


STC = Set carry 
11111001 
2 


ClD = Cleardirection 
11111100 
2 


STD = Set direction 
11111101 
2 


Cll = Clearinterrupt 
I 
11111010 
2 


STI = Set interrupt 
I 
11111011 
2 


HlT = Halt 
I 
11110100 
2 


WAIT = Wait 
I 
10011011 
6 
ifITSi' 
= 0 


lOCK = Buslock prefix 
I 
11110000 
2 


NOP = No Operation 
I 
10010000 
3 


(TTT LLL are opco e to processorextension) 


FOOTNOTES 


Shaded 
areas 
Indicate 
instructions 
not available 
In 8086, 
8088 mtcrosystems. 


The Effective Address (EA) of the memory operand 
is computed according to the mod and rIm fields: 
if mod 
11 then rIm is treated as a REG field 


if mod 
00 then OISP = 0', disp-Iow and disp- 
high are.absent 
01 then OISP = disp-Iow sign-ex- 
tended to 16-bits, disp-high is absent 
10 then OISP = disp-high: disp-Iow 
000 then EA = (BX) + (SI) + OISP 
001 then EA = (BX) + (01) + OISP 
010 then EA = (BP) + (SI) + OISP 
011 then EA = (BP) + (01) + OISP 
100 then EA = (SI) + OISP 
101 then EA = (01) + OISP 
110 then EA = (BP) + OISP' 
111 then EA = (BX) + OISP 


if mod 


if mod 
if rIm 
if rIm 
if rIm 
if rIm 
if rIm 
if rIm 
if rIm 
if rIm 


OISP follows 2nd byte of instruction (before data if 
required) 


'except if mod = 00 and rIm = 110 then EA = 
disp-high: disp-Iow. 


EA calculation time is 4 clock cycles for all modes, 
and is included in the execution times given whenev- 
er appropriate. 
Segment Override Prefix 
I 0 
0 
1 
reg 
1 
1 
0 I 


reg is assigned according to the following: 


Segment 
reg 
Register 
00 
ES 
01 
CS 
10 
SS 
11 
OS 


REG is assigned according to the following table: 


16·Blt (w = 1) 
8·Blt (w = 0) 
OOOAX 
OOOAl 
001 CX 
001 Cl 
010 OX 
0100l 
011 BX 
011 Bl 


100 SP 
100 AH 
101 BP 
101 CH 
110 SI 
110 OH 
111 01 
111 BH 


The physical addresses of all operands addressed 
by the BP register are computed using the SS seg- 
ment register. The physical addresses of the desti- 
nation operands of the string primitive operations 
(those addressed by the 01 register) are computed 
using the ES segment, which may not be overridden. 


1-407 


80C188EB 


chip-selects must be programmed to use READY 
(RDY bit must be programmed to a 1) if wait- 
states are required for INTA bus cycles. 
3. CLKOUT will transition off the rising edge of 
CLKIN rather than the falling edge of CLKIN. This 
does not affect any bus timings other than TCl CO· 
4. RESIN has a hysterisis of only 130 mY. It is rec- 
ommended that RESIN be driven with a Schmitt 
triggered device to avoid processor lockup during 
reset when using an RC circuit. 


ERRATA 


The 80C188EB has the following known errata that 
apply to any device with a stepping ID (STEPID) of 
0001H. 
1. A19/0NCE 
is not latched by the rising edge of 
RESIN. A19/0NCE must remain active (LOW) at 
all times to remain in the ONCETMMode. Remov- 
ing A19/0NCE after RESIN is high will return all 
output pins to a driving state, however, the 
80C188EB will remain in a reset state. 


2. During interrupt acknowledge (INTA) bus cycles, 
the bus controller will ignore the state of the 
READY pin if the previous bus cycle ignored the 
state of the READY pin. This errata can only oc- 
cur if the Chip-Select Unit is being used. All active 


REVISION 
HISTORY 


This is the first edition of this datasheet. 
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82188 
INTEGRATED BUS CONTROLLER 
FOR 
8086,8088,80186,80188 
PROCESSORS 


• 
Provides Flexibility in System 
Configurations 
- 
Supports 8087 Math Coprocessor 
in 
8 MHz 80186 and 80188 Systems 
- 
Provides a Low-cost Interface for 
8086, 8088 Systems to an 82586 LAN 
Coprocessor 
or 82730 Text 
Coprocessor 


• 
FaCilitates Interface to one or more 
Multlmaster Susses 


• 
Supports Multiprocessor, 
Local Sus 
Systems 


• 
Allows use of 80186/80188 
High- 
Integration 
Features 


• 
3-State, Command Output Drivers 


• 
Available In EXPRESS 
- 
Standard Temperature 
Range 
- 
Extended Temperature 
Range 


• 
Available In Plastic DIP or Cerdlp 
Package 


(See Packaging Outlines and Dimensions, Order "231369) 


The 82188 
Integrated 
Bus Controller 
(IBC) is a 28-pin HMOS III component 
for use with 80186, 
80188, 
8086 
and 
8088 
systems. 
The 
IBC 
provides 
command 
and 
control 
timing 
signals 
plus 
a 
configurable 
RO/GT ..-. 
HOLD-HLDA 
converter. 
The device may be used to interface 
an 8087 Math Coprocessor 
with an 
80186 or 80188 
Processor. 
Also, an 82586 Local Area Network 
(LAN) Coprocessor 
or 82730 Text Coproces- 
sor may be interfaced 
to an 8086 or 8088 with the IBC. 


0801 


QS11 
QIO() 


QS10 


RESET 
HLDA 


HOLD 
iiCi/Cifo 
SYSHOLD 
SY8HLDA 


Ra/GTl 
CiOiiT 
CSIN 
v •• 


SRDY 
ARDY 


I 
I 
I 
I 
I 
I 
I 
I 
I 
STATUS 
READY 
I~OO"r- 
~ 
~~ 
I 


COMMAND I 
SIGNAL 
GENERATOR 


CONTROL 
r- 
C~:1~~L 
I 
LOGIC 
GENERATOR 
I 


I 
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SELECT 
LOGIC I 


I 
DELAY 
CIRCUIT 
I 
I BUS "c~:g-~TION 
I 


-- 


csec 


QS10 


HOLD 


SYSHLDA 


vee 
iO 
1i1 
i2 


ALE 
iiii 


WR 
DEN 
DT/W 
AEA 


ARDY 


SRDY 
SRO 


CLK 
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RD 
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DT/R 


ALE 
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Figure 1. 
82188 Pin Configuration 


QSOI 


QS11 


SYSHOLD 


HLDA 


RQ/GTO 
Ra/OTl 
231051-2 


Figure 2. 
82188 Block Diagram 


1-409 
August 1989 
Order Number: 231051.005 


inter 
82188 


PIN DESCRIPTIONS 


Symbol 
Pin No. 
Type 
Name and Function 


SO 
27 
I 
Status Input Pins 
S1 
26 
SO-52 
correspond 
to the status pins of the CPU. 
52 
25 
The 82188 uses the status lines to detect and identify the processor 
bus cycles. The 82188 decodes 
SO-52 
to generate 
the command 
and 


control 
signals. SO-52 
are also used to insert 3 wait states intothe 
SRO line during the first 256 80186 bus cycles after RESET. A HIGH 
input on all three lines indicates 
that no bus activity is taking place. 
The status input lines contain weak internal pull-up devices. 


52 
51 
SO 
Bus Cycle Initiated 


0 
0 
0 
interrupt 
acknowledge 
0 
0 
1 
read 1/0 


,I 
0 
1 
0 
write 1/0 
0 
1 
1 
halt 
1 
0 
0 
instruction 
fetch 
1 
0 
1 
read data from memory 


1 
1 
0 
write data to memory 
1 
1 
1 
passive (no bus cycle) 


ClK 
15 
I 
CLOCK 
ClK 
is the clock signal generated 
by the CPU or clock generator 
device. ClK 
edges establish 
when signals are sampled 
and 
generated. 


RESET 
5 
I 
RESET 
RESET is a level triggered 
signal that corresponds 
to the system reset 


signal. The signal initializes an internal bus cycle counter, 
thus 
enabling 
the 82188 to insert internally 
generated 
wait states into the 
SRO signal during system initialization. 
The 82188 mode is also 
determined 
during RESET. RD, WR, and DEN are driven HIGH during 


RESET regardless 
of AEN. RESET is active HIGH. 


AEN 
19 
I 
Address 
Enable 
This signal enables the system command 
lines when active. If AEN is 


inactive (HIGH), RD, WR, and DEN will be tri-stated 
and ALE will be 
driven lOW 
(DT IR will not be effected). 
AEN is an asynchronous 
signal and is active lOW. 


ALE 
24 
0 
Address 
Latch Enable 
This signal is used to strobe an address 
into address 
latches. ALE is 
active HIGH and latch should occur on the HIGH to lOW 
transition. 
ALE is intended 
for use with transparent 
D-type latches. 


DEN 
21 
0 
Data Enable 
This signal is used to enable data transceivers 
located on either the 
local or system data bus. The signal is active lOW. 
DEN is tri-stated 
when AEN is inactive. 


DTIR 
20 
0 
Data TRANSMIT IRECEIVE 
This signal establishes 
the direction 
of data flow through the data 
transceivers. 
A HIGH on this line indicates 
TRANSMIT 
(write to 1/0 or 


memory) and a lOW 
indicates 
RECEIVE (Read from 1/0 or memory). 
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PIN DESCRIPTIONS 
(Continued) 
\ 


Symbol 
Pin No. 
Type 
Name and Function 
" 


RD 
23 
0 
READ 


I' 
This signal instructs 
an I/O or memory device to drive its 
data onto the data bus. The RD signal is similiar to the 
RD signal of the 80186(80188) 
in Non-Queue-Status 
Mode. RD is active LOW and is tri-stated 
when AEN is 
inactive. 


WR 
22 
0 
WRITE 
This signal instructs 
an I/O or memory device to record 


1 
, 
the data presented 
on the data bus. The WR signal is 
similiar to the WR signal of the 80186(80188) 
in Non- 
Queue-Status 
Mode. WR is active LOW and is tri-stated 
when AEN is inactive. 


HOLD 
7 
0 
HOLD 
The HOLD signal is used to request bus control 
from the 
80186 or 80188. The request can come from either the 
8087 (Ra/CITO) 
or from the third processor 
(SYSHOLD). 
The signal is active HIGH. 


HLDA 
6 
I 
HOLD Acknowledge 
80186 MODE - This line serves to translate 
the HLDA 
output of the 80186(80188) 
to the appropriate 
signal of 
the device requesting 
the bus. HLDA going active (H.lGH) 
indicates' that the 80186 has relinquished 
the bus. If the 
~ 
requesting 
device is the 8087, HLDA will be translated 
into the grant pulse of the RQ/GTO 
line. If the 


I 
requesting 
device is the optional 
third processor, 
HLDA 
will be routed into the SYSHLDA 
line. 


This pin also determines 
the mode in which the 82188 
will operate. 
If this line is HIGH during the falling edge of 


I 
RESET, the 82188 will enter the 8086 mode. If LOW, the 
82188 will enter the 80186 mode. For 8086 mode, this 
pin should be strapped 
to vcc. 


Ra/CITO 
8 
I/O 
Request/Grant 
0 
Ra/GTO 
is connected 
to RQ/GTO 
of the 8087 Numeric 
Coprocessor. 
When initiated by the 8087, Ra/GTO 
will 
be translated 
to HOLD-HLDA 
to acquire the bus from the 
80186(80188). 
This line is bidirectional, 
and is active 
LOW. RQ/GTO 
has a weak internal pull-up device to 
prevent erroneous 
request/ grant signals. 


RQ/GT1 
11 
I/O 
Request/Grant 
1 
80186 Mode-In 
80186 Mode, Ra/GT1 
allows a third 
processor 
to take control 
of the local bus when the 8087 
has bus control. 
For a HOLD-HLDA 
type third processor, 


the 82188's 
RQ/GT1 
line should be connected 
to the 
Ra/GT1 
line of the 8087. 


8086 MODE-In 
8086 Mode, RQ/GT1 
is connected 
to 
either Ra/GTO 
or RQ/GT1 
of the 8086. RQ/GT1 
will 
start its request/grant 
sequence 
when the SYSHOLD 
line goes active. In 8086 Mode, RQ/GT1 
is used to gain 
bus control from the 8086 or 8088. 


Ra/GT1 
is a bidirectional 
line and is active LOW. This 
line has a weak internal 
pull-up device to prevent 
erroneous 
request/ grant signals. 
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PIN DESCRIPTIONS 
(Continued) 


Symbol 
Pin No. 
Type 
Name and Function 


SYSHOLD 
9 
I 
System 
Hold 
80186 MODE-SYSHOLD 
serves as a hold input for an 
optional third processor 
in an 80186(80188)-8087 
system. 


If the 80186(80188) 
has bus control, 
SYSHOLD 
will be 
routed to HOLD to gain control of the bus. If the 8087 has 
bus control, 
SYSHOLD 
will be translated 
to RQ/GT1 
to 
gain control of the bus. 


8086 MODE-SYSHOLD 
serves as a hold input for a 
coprocessor 
in an 8086 or 8088 system. SYSHOLD 
is 
translated 
to RQ/GT1 
of the 82188 to allow the 


) 
coprocessor 
to take control of the bus. 


SYSHOLD 
may be an asynchronous 
signal. 


SYSHLDA 
10 
0 
System 
Hold Acknowledge 


r; 
SYSHLDA 
serves as a hold acknowledge 
line to the 
processor 
or coprocessor 
connected 
to it. The device 
connected 
to the SYSHOLD-SYSHLDA 
lines is allowed 
the bus when SYSHLDA 
goes active (HIGH). 


SRDY 
17 
I 
SynChronous 
Ready 


I r 
The SRDY input serves the same function 
as SRDY of the. 


80186(80188). 
The 82188 combines 
SRDY with ARDY to 
form a synchronized 
ready output signal (SRO). SRDY 
must be synchronized 
external to the 82188 and is active 
HIGH. If tied to vcc. SRO will remain active (HIGH) after 
the first 256 80186 cycles following 
RESET. If only ARDY 
is to be used, SRDY should be tied LOW. 


ARDY 
18 
I 
Asynchronous 
Ready 
The ARDY input serves the same function 
as ARDY of the 
. 
80186(80188). 
ARDY may be an asynchronous 
input, and 
is active HIGH. Only the rising edge of ARDY is 
synchronized 
by the 82188. The falling edge must be 
synchronized 
external to the 82188. If connected 
to Vcc' 
SRO will remain active (HIGH) after the first 25680186 
bus cycles following 
RESET. If only SRDY is to be used, 
ARDY should be connected 
LOW. 


SRO 
16 
0 
SynChronous 
READY Output 
SRO provides 
a synchronized 
READY signal which may 
be interfaced 
directly with the SRDY of the 80186(80188) 
and READY of the 8087. The SRO signal is an 
accumulation 
of the synchronized 
ARDY signal, the SRDY 


signal, and the internally 
generated 
wait state signal. 


QSOI 
1 
'I 
Queue-Status 
Inputs 
QS11 
2 
QSOI, QS11 are connected 
to the Queue-Status 
lines of 
the 80186(80188) 
to allow synchronization 
of the queue- 
status signals to 8087 timing requirements. 


QSOO 
3 
0 
Queue-Status 
Outputs 
QS10 


" 


4 
QSOO, QS1 0 are connected 
to the queue-status 
pins of 


the 8087. The signals produced 
meet 8087 Queue-Status 
input requirements. 
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(Continued) 


82188 


Symbol 
Pin No. 
Type 
Name and Function 
- 


~ 
13 
I 
ghlp-select 
Input 
SIN is connected to one of the chip-select lines of the 


I· 
80186(80188). CSTN informs the 82188 that a bank select is taking 
I. 
place. The 82188 routes this signal to the chip-select output 


f 


(CSOUT).~ 
is active LOW. This line is not used when memory 
. 
and I/O device addresses are decoded external to the 
80186(80188). 


CSOOT 
12 
0 
Chip-Select 
Output 
This signal is used as a chip-select line for a bank of memory devices. 
It is active when CSTN is active or when the 8087 has bus control. 


, 
CSQUT is active LOW. 


FUNCTIONAL 
DESCRIPTION 


BUS CONTROLLER 


The 82188 Integrated Bus Controller (IBC) gener- 
ates system control and command signals. The sig- 
nals generated are determined by the Status Decod- 
ing Lqg!c....Ihe bus controller logic interprets status 
lines SO-S2 to determine what type of bus cycle is 
taking place. The appropriate signals are then gen- 
erated by the Command and Control Signal Genera- 
tors. 


The Address Enable (AEN) line allows the command 
and control signals to be disabled. When AEN is in- 
active (HIGH), the command signals and DEN will be 
tri-stated, and ALE will be held low (DTlA will be 
uneffected). AEN inactive will allow other systems to 
take control of the bus. Control and command sig- 
nals respond to a change in the AEN signal within 40 
ns. 


The command si~s 
consist of RD and WR. Tbe 
82188's RD and WR signals are similiar to RD and 
WR of the 80186(80188) in the non-Queue-Status 
Mode. These command signals do not differentiate 
between memory and I/O devices. RD and WR can 
be conditioned by S2 of the 80186(80188) to obtain 
separate signals for I/O and memory devices. RD is 
asserted during INTA cycles, unlike RD on the 
80186(80188). 


The control commands consist of Data Enable 
(DEN), Data Transmit/Receive (DT/A), and Address 
Latch Enable (ALE). The control commands are sim- 
iliar to those generated by the 80186(80188). DEN 
determines when the external bus should be en- 
abled onto the local bus. DT/A determines the di- 
rection of the data transfer, and ALE determines 
when the address should be strobed into the latches 
(used for demultiplexing the address bus). DTIR 
does not go to an inactive (high) state at the end of 
bus cycles, unlike DTIR on the 80186(80188). 


MODE SELECT 


The 82188 Integrated Bus Controller (IBC) is config- 
urable. The device has two modes: 80186 Mode and 
8086 Mode. Selecting the mode of the device con- 
figures the Bus Arbitration Logic (see BUS ARBI- 
TRATION section for details). In 80186 Mode, the 
82188 IBC may be used as a bus controller/inter- 
face device for an 80186(80188), 8087, and optional 
third processor system. In 8086 Mode, the 82188 
IBC may be used as an interface device allowing a 
maximum mode 8086(8088) to interface with a eo- 
processor that uses a HOLD-HLDA bus exchange 
protocol. 


The mode of the 82188 is determined during RE- 
SET. If the HLDA line is LOW at the falling edge of 
RESET (as in the case when tied to the HLDA line of 
the 80186 or 80188), the 82188 will enter into 80186 
Mode. If the HLDA line is HIGH at the falling edge of 
RESET, the 82188 will enter 8086 Mode. In 8086 
Mode, only the Bus Arbitration Logic is used. The 
eight pins used in 8086 Mode are: SYSHOLD, 
SYSHLDA,HLDA,CLK,RESET,RQ/GT1,Vcc,and 
Vss. The other pins may be left unconnected. 


BUS ARBITRATION 


The Bus Exchange Logic interfaces up to three sets 
of bus exchange signals: 
• HOLD-HLDA 
• SYSHOLD-SYSHLDA 


• RQ/GTO (RQ/GT1) 


This logic executes translating, routing, and arbitrat- 
ing functions. The logic translates HOLD-HLDA sig- 
nals to 
RQ/GT 
signals and RC:i/GT 
Signals to 
HOLD-HLDA signals. The logic also determines 
which set of bus exchange Signals are to be inter- 
faced. The mode of the 82188 and the priority of the 
devices requesting the bus determine the routing of 
the bus exchange signals. 
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80186 MODE 


82188 


In 80186 Mode, a system may have three potential 
bus masters: the 80186 or 80188 CPU, the 8087 
Numerics Coprocessor, and a third processor (such 
as the 82586 LAN or 82730 Text Coprocessor). The 
third processor may have either a HOLD-HLDA or 
RQ/GT 
bus exchange protocol. The possible bus 
exchange signal connections and paths for 80186 
Mode are shown in Figures 3 & 4 and Tables 1 & 2, 
respectively. If no HOLD-HLDA type third processor 
is used, SYSHOLD should be tied LOW to prevent 
an erroneous SYSHOLD signal. In 80186 mode, the 
bus priorities are: 


Highest Priority 
Third Processor 
Second Highest Priority 
8087 
Default Priority 
80186 


- 
THREE-PROCESSORSYSTEM OPERATION 
(HOLD-HLDA TYPE THIRD PROCESSOR) 


In the configuration shown in Figure 3, the third proc- 
essor requests the bus by sending SYSHOLD HIGH. 
The 82188 will route (and translate if necessary) the 
request to the current bus master. This includes 
routing the request to HOLD if the 80186(80188) is 
the current bus master or routing and translating the 
request to RQ/GT1 
if the 8087 is in control of the 
bus. The third processor's request is not passed 
through the 8087 if the 80186 is the bus master (see 
Table 1). 


The 8087 requests the bus using RQ/GTO. 
The re- 
quest pulse from the 8087 will be translated and 
routed to HOLD if the 80186 is the bus master. If the 
third processor has control of the bus, the. grant 
pulse to the 8087 will be delayed until the third proc- 
essor relinquishes the 
bus (sending SYSHOLD 
LOW). In this case, HOLD will remain HIGH during 
the third processor-to-8087 bus control transfer. The 
80186 will not be granted the bus until both coproc- 
essors have released it. 


Table 1. Bus Exchange Paths (80186 Mode) (HOLD-HLDA Type 3rd Proc) 


Requesting 
Current Bus Master 
Device 
80186 
8087 
3rd Proc 


80186 
nla 
.: ~ 
nla 
nla 
__ 
HOLD 
I. 


8087 
RQ/GTO -.+-- 
nla 
, 
nla 
HLDA 


SYSHOLD 
HOLD 
SYSHOLD 
_ 
3rd Proc 
-.+-- 
SYSHLDA -.+RQ/GT1 
nla 
SYSHLDA 
HLDA 


80186 
82188 
r 
8087 


HOLD 
HOLD 
, 


RO/GTO 
RO/GTO 


HLDA 
HLDA 


- 


3RDpROC 


HLDA 
SYSHLDA 


RO/GT1 
RO/GT1 


HOLD 
SYSHOLD 
231051-3 


.I 


1 


Figure 3. 
Bus Exchange Signal Connections (80186 Mode) for a Three Local Processor System 
(HOLD-HLDA Type 3rd Proc) 
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Table 2. Bus Exchange Paths (80186 Mode) (RQ/GT Type 3rd Proc) 


Requesting 
Current Bus Master 
Device 
80186 
8087 
3rd Proc 


80186 
nla 
nla 
nla 


_ 
HOLD 
8087 
RQ/GTO--- 
nla 
nla 
HLDA 


_ 
HOLD 
RQ/GT1 
3rd Proc 
RQ/GT1 - 
RQ/GTO 
- 
HLDA 
nla 


80188 
82188 


HOLD 
HOLD 


HLDA 
HLDA 


RQ/GTO 
RQ/GTO 


RQ/GT1 
RQ/GT1 


-r- 
SYSHOLD 


RO/GT1 I-NC 


8087 


231051-4 


Figure 4. 


Bus Exchange Signal Connections (80186 Mode) for a Three Local Processor System 
(RQ/GT 
Type 3rd Proc) 


When the bus is requested from the 80186(80188), 
a bus priority decision is made. This decision is 
made when the HLDA line goes active. Upon receipt 
of the HLDA signal, the highest-priority requesting 
device will be acknowledged the bus. For example, if 
the 8087 initially requested the bus, the bus will be 
granted to the third processor if SYSHOLD became 
active before HLDA was received by the 82188. In 
this case, the grant pulse to the 8087 will be delayed 
until the third processor relinquishes the bus. 


- 
THREE-PROCESSORSYSTEM OPERATION 
(RQ/GT TYPE THIRD PROCESSOR) 


In the configuration shown in Figure 4, the third proc- 
essor requests the bus by initia!!!!.ga request! grant 
sequence with the 8087's RO/GT1 
line. The 8087 
will grant the bus if it is the current bus master or will 
pass the request on if the 80186 is the current bus 
master (see Table 2). In this configuration, the 
82188's Bus Arbitration Logic translates RQ/GTO to 
HOLD-HLDA. The 8087 provides the bus arbitration 
in this configuration. 


8086 MODE 


The 8086 Mode allows an 8086, 8088 system to 
contain both RQ/GT and HOLD-HLDA type coproc- 
essors simultaneously. In 8086 Mode, two possible 
bus masters may be interfaced by the 82188; an 
8086 or 8088 CPU and a coprocessor which uses a 
HOLD-HLDA bus exchange protocol (typically an 
82586 LAN Coprocessor or an 82730 Text Coproc- 
essor). The bus exchange signal connections for 
8086 Mode are shown in Figure 5. Bus arbitration 
signals used in the 8086 Mode are: 


• 
RQ/GT1 
• SYSHOLD 
• SYSHLDA 


In 8086 Mode, no arbitration is necessary since only 
two devices are interfaced. The coprocessor has 
bus 
priority 
over 
the 
8086(8088). 
SYSHOLD- 


SYSHLDA are routed and translated directly to RQI 
GT1. RO/GT1 
of the 82188 may be tied to either 


RO/GTO or RQ/GT1 of the 8086(8088). 
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8088 
COPROC 


RQ/GTt 
iW/GT1 


SYSHOLD 
HOLD 
t 
SYSHLDA 
HLDA 
HLDA 


RQ/GTO I- 


8087 


~ 
RQ/GTO 


82188 


231051-5 


QUEUE-STATUS 
DELAY 


Figure 5. Bus Exchange Signal Connections (8086 Mode) 


READY 


The Oueue-Status Delay logic is used to delay the 
queue-status signals from the 80186(80188) to meet 
8087 queue-status timing requirements. 0501, 0511 
correspond 
to 
the 
queue-status 
lines 
of 
the 
80186(80188). The 82188 delays these signals by 
one clock phase. The delayed signals are interfaced 
to the 8087 queue-status lines by 0500,0510. 


CHIP-SELECT 


The Chip-Select Logic allows the utilization of the 
chip select circuitry of the 80186(80188). Normally, 
this circuitry could not be used in an 80186(80188)- 
8087 system since the 8087 contains no chip select 
circuitry. The Chip-Select Logic contains two exter- 
nal connectionsc~~p-sele~dnput 
(CSiN) and Chip- 
Select Output ( 
UT). C 
UT is active when ei- 
ther CSiN is active or when the 8087 has control of 
the bus. 


By using CSOUT to select memory containing data 
structures, no external decoding is necessary. The 
80186 
may~ 
access to this 
memory bank 
through the CSIN line while the 8087 will automati- 
cally obtain access when it becomes the bus mas- 
ter. Note that this configuration limits the amount of 
memory accessible by the 8087 to the physical 
memory bank selected by CSOUT. Systems where 
the 8087 must access the full 1 Megabyte address 
space must use an external decoding scheme. 


The Ready logic allows two types of Ready signals: 
a Synchronous Ready Signal (SRDY) and an Asyn- 
chronous Ready Signal (ARDY). These signals are 
similiar to SRDY and ARDY of the 80186. Wait 
states will be inserted when both SRDY and ARDY 
are LOW. Inserting wait states allows slower memo- 
ry 
and 
1/0 
devices 
to 
be 
interfaced 
to 
the 
80186(80188)-8087 system. 


ARDY's LOW-to-HIGH transition is synchronized to 
the CPU clock by the 82188. The 82188 samples 
ARDY at the beginning of T2, T3 and Tw until sam- 
pled HIGH. Note that ARDY of the 82188 is sampled 
one phase earlier than ARDY of the 80186. ARDY's 
falling edge must be synchronous to the CPU clock. 
ARDY allows an easy interface with devices that 
emit an asynchronous ready signal. 


The SRDY signal allows direct interface to devices 
that emit a synchronized ready signal. SRDY must 
be synchronized to the CPU clock for both of its 
transitions. SRDY is sampled in the middle of T2, T3 
and 
in 
the 
middle 
of 
each 
Tw. 
An 
82188- 
80186(80188),s SRDY setup time is 30 ns longer 
than the 80186(80188),s SRDY setup time. SRDY 
eliminates the half-clock cycle penalty necessary for 
ARDY to be internally sychronized. 


The sychronized ready output (SRO) is the accumu- 
lation of SRDY, ARDY, and the internal wait-state 
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• All memory chip-select lines must be set to 0 
WAIT STATES, EXTERNAL READY ALSO USED 
within the first 256 80186(80188) bus cycles after 
RESET. 


generator. SRO should be connected to SRDY of 
the 80186(80188) (with 80186(80188),s ARDY tied 
LOW), and READY of the 8087. 


SRDY 
ARDY 
SRO 


0 
0 
0 
1 
X 
1 
X 
1 
1 


An equivalent READY logic diagram is shown in 
Figure 6. 


SYSTEM 
CONSIDERATIONS 


The internal wait state generator allows for synchro- 
nization between the 80186(80188) and 8087 in 
80186 mode. Upon RESET,the 82188 automatically 
inserts 3 wait-states per 80186(80188) bus cycle, 
overlapped with any externally produced wait-states 
created by ARDY and SRDY. 


In any 82188 configuration, clock compatibility must 
be considered. Depending on the device, a 50% or a 
33% duty-cycle clock is needed. For example, the 
80186 and 80188 (as well as the 82188, 82586, and 
82730) requires a 50% duty-cycle clock. The 8086, 
8088 and their 'kit' devices' (8087, 8089, 82C88, 
and 8289) clock requirements, on the other hand, 
require a 33% duty-cycle clock signal. The system 
designer must make sure clock requirements of all 
the devices in the system are met. 


Since the 8087 has no provision for internal wait- 
state generation, only externally created wait states 
will be effective. The 82188, upon RESET, will inject 
3 wait states for each of the first 256 80186(80188) 
bus cycles onto the SRO line. This will allow the 
8087 to match the 80186(80188)'s timing. 
Figure 7 demonstrates the usage of the 82188 in 
80186 Mode where it is used to interface an 8087 
into an 80186 system. In this case, the clock require- 
ments of the 8087 are met by specifying the 10 MHz 
(8087-1) device, but clocking the system at a maxi- 
mum rate of 8 MHz. 


The internally-generated wait states are overlapped 
with those produced by the SRDY and ARDY lines. 
Overlapping the injected wait states insures a mini- 
mum 
of 
three 
wait 
states 
for 
the 
first 
256 
80186(80188) bus cycles after RESET. Systems 
with a greater number of wait states will not be af- 
fected. Internal wait state generation by the 82188 
will stop on the 256th 80186(80188) bus cycle after 
RESET. To maintain sychronization between the 
80186(80188) and 8087, the following conditions 
are necessary: . 
• The 
80186(80188)'s 
control 
block 
must 
be 
mapped in 1/0 space before it is written to or 
read from. 


Status bit six (56) from the main processor (8086, 
8088, 80186, or 80188) is used by the 8087 to track 
the instruction flow. 56 is multiplexed with address 
bit 19 (A19). If the third processor generates only 16 
bits of address, 56 is not generated. A19/56 must 
be driven high by external circuitry during the status 
portion of bus cycles controlled by the third proces- 
sor. 


SRDY 


ARDY----------------~ 


CLK----------------------~ 
SRO 


HLDA--------~L_)_--_t 


RESET----------------------~----------~ 
231051-6 


Figure 6. Equivalent 82188 READY Circuit 


1-417 


C»o 
...•.s 
..•.. 
C»o 
C»';'I 
...•. 


~i3 
C"TI 
~ 
!.cQ" 


.j>. 
~ 
c: 
.•.• co •• 
CD 
_ 
CD 
':T-.,j 
CD' 
C» 
N 
...•. 
C» 
C» 
5's 
...•. 
C» 
Cl) 
3:o 
Cl. 
CD 


ARDY 
SRDY 


TO OPTIONAL 
THIRD 
BUS MASTER 


16MHz 


A 
I 
i 
80186 
ADDRESS 
DATA BUS 
t 
r 


~ 
••• 
, 
- 
SYS 
SYS 
HOLD 
HLOl 
~ 
HLDA 
HLDA 
- 
HOLD 
HOLD 
rv- 


J 
MCSO 
CSIN 
~ 
V 


I 


ARDY 
QSO 
QSOI 
. , 


RD 
- 
". 
. 


QS1 
QS11 


SRDY 
r 
.. 


RESETOUT 
CLOCKOUT 
ALE I--- 
f-----t 
STB 
I- 
~ 
S2 I--- 
~ 
INTO 
S1 


~ 


~ 
TEST 
r-- 


52 
LA 
74LS 
SO I- 


51 
r--V 
373 


SO 


CLK 


SO 
RESET 
'-- BUSY 
I- 


SRO 
51 
~ 
I 
'--- 
INT 
r-- 


52 I--- 
82188 
CLK 
RESET 
DT/R t--- 
f----I 
DIR 
•• 
RDY 
DEN t--- 
f-----4 
OE 
QSO 
QSOO 


~ 


74LS 
lA 
QS1 
QS1.0. 
245 


RQ/GTO 
RQ/GTO 
I~ 
Ra/GT1 
Ra/Gn 


A 
i 
i 
I 


< 


8087-1 
ADDRESS 
DATA BUS 


> 


COMMAND/CONTROL 


ADDRESS 


DATA 


231051-7 


cl 


co 
N..• 
CO 
CO 


82188 


ABSOLUTE 
MAXIMUM 
RATINGS 
• 


Temperature 
Under Bias 
O·C to 70·C 


Storage Temperature 
- 65·C to 150·C 


Case Temperature 
O·C to + 85·C 


Voltage on any Pin with 


Respect to GND 
-1.0V 
to 7.0V 


Power Dissipation 
0.7 Watts 


DC CHARACTERISTICS 
(Vcc = 5V ± 10% 
TA = O·C to 70·C, TCASE = O·C to + 85·C) 


NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 
tended 
exposure 
beyond 
the 
"Operating 
Conditions" 
may affect device reliability. 


, 
• 


Symbol 
Parameter 
Mln 
Max 
Units 
TestCond. 


V,l 
Input Low Voltage 
-0.5 
+0.8 
volts 


V,H 
Input High Voltage 
2.0 
vcc + 0.5 
volts 


VOl 
Output Low Voltage 
0.45 
volts 
IOl = 2mA 


VOH 
Output High Voltage 
2.4 
volts 
IOH = -400 
p.A 


tee 
Power Supply Current 
100 
mA 
TA = 25·C 


'll 
Input Leakage Current 
±10 
p.A 
OV<V,N<VCC 


ILO 
Output Leakage Current 
±10 
p.A 
0.45 <VOUT<VCC 


VCLl 
CLK Input Low Voltage 
-0.5 
+0.6 
volts 


VCHI 
CLK Input High Voltage 
3.9 
vcc +1.0 
volts 


C,N 
Input Capacitance 
10 
pF 


C,O 
1/0 Capacitance 
20 
pF 


AC CHARACTERISTICS 
(Vcc = 5V ± 10%, TA = O·C to 70·C, TCASE = O·C to +85·C) 


TIMING 
REQUIREMENTS 


Symbol 
Parameter 
Mln 
Max 
Units 
Notes 


TCLCL 
Clock Period 
125 
500 
ns 


TCLCH 
Clock LOW Time 
%TCLCL-7.5 
ns 


TCHCL 
Clock HIGH Time 
%TCLCL-7.5 
ns 


TARYHCL 
ARDY Active Setup Time 
20 
ns 


TCHARYL 
ARDY Hold Time 
-. 
15 
ns 
8 


TARYLCH 
ARDY Inactive Setup Time 
35 
ns 


TSRYHCL 
SRDY Input Setup Time 
65,50 
ns 
1 


TSVCH 
STATUS Active Setup Time 
55 
ns 


TSXCL 
STATUS 
Inactive Setup Time 
50 
ns 


TOIVCL 
OSOI, OS11 Setup Time 
15 
ns 


THAVGV 
HLDA Setup Time 
50 
ns 


TSHVCL 
SYSHOLD 
ASynchronous 
Setup Time 
25 
ns 


TGVCH 
Ra/m Input Setup Time 
0 
ns 
6 
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TIMING 
RESPONSES 


Symbol 
Parameter 


, 


Mln 
Max 
Units 
Notes 


TSVLH 
STATUS Valid to ALE Delay 
30 
ns 
4 


TCHLL 
ALE Inactive 
Delay 
" 
30 
ns 


TCLML 
RD, WR Active Delay 
10 
70 
ns 


TCLMH 
RD, WR Inactive Delay 
10 
55 
ns 


TSVDTV 
STATUS to DT/R 
Delay 
30 
ns 
3 


TCLDTV 
DTIR Active Delay 
55 
ns 
3 


TCHDNV 
DEN Active Delay 
10 
55 
ns 


TCHDNX 
DEN" Inactive Delay 
10 
55 
ns 


TCLOOV 
OSOO, OS10 
Delay 
5 
50 
ns 


TCHHV 
HOLD Delay 
50 
ns 
2,6 


TCLSAV 
SYSHLDA 
Delay 
50 
ns 
6 


TCLGV 
OO/GT Output Delay 
40 
ns 
6 


TGVHV 
OO/GTO To HOLD Delay 
50 
ns 
2,6 


TCLLH 
ALE Active Delay 
30 
ns 
4 


TAELCV 
Command 
Enable Delay 
40 
ns 


TAEHCX 
Command 
Disable Delay 
40 
ns 


TCHRO 
SRO Output Delay 
5 
30 
ns 
5,6 


TSRYHRO 
SRDY To SRO Delay 
30 
ns 
5 


TCSICSO 
CSff\JTo CSCllif Delay 
30 
ns 


TCLCSOV 
CLK Low to CSCllif Delay 
10 
ns 


TCLCSOH 
CLK Low to csotrr Inactive Delay 
10 
. 
ns 
, 


NOTES (applicable to both spec listing and timing diagrams): 
1. TSRYHOl = (80186's) TSRYCl + 30 ns=65 
ns for 6 MHz operation and 50 ns for 8 MHz operation. 


2. Timing not tested. 
3. DTIR will be asserted to the latest of TSVDTV & TClDTV. 
4. ALE will be asserted to the latest of TSVlH & TClLH. 
5. SRO will be asserted to the latest of TCHRO & TSRYHRO. 
6. Cl 
= 20-100 pF 
7. Address/Data bus shown for reference only. 
8. The falling edge of ARDY must be synchronized to ClK. 


A.C. TESTING 
INPUT, 
OUTPUT 
WAVEFORM 


INPUT/OUTPUT 
::=:0(-,."~.,.-~ 


231051-9 


A.C. Testing: Inpu1sare driven at 2.4V for a Logic '1' and 0.45V 
for a Logic '0'. 


A.C. TESTING 
LOAD 
CIRCUIT 


DEVICE 
UNDER '1 
ce 
TEST 
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CL includes Jig Capacitance 
CL = 20-200 pF unless otherwise noted 
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Command and Control Waveforms-80186 
Mode 
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T2 


CLK 


ARDY 
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READY Tlmlng-80186 
Mode 
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SYSHOLD-SYSHLDA 
to Ra/GT1 Tlmlng-80186 
Mode and 8086 Mode 
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RQ/GTO to HOLD-HLDA Tlmlng-80186 
Mode 


ClK 
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Queue Status, ALE, Chip Select Delay Tlmlng-80186 
Mode 
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REVISION 
HISTORY 


The sections 
significantly 
revised 
since version 
-004 are: 


Bus Controller 
Added 
note describing 
RD during INTA and DT/R compared 
to the 80186/80188. 


System Considerations 
Use of 82188 with 80186 
and 8087-1. 
all at 8 MHz. is clarified. 


The sections 
significantly 
revised 
since version 
-002 are: 


AC Characteristics 
TQIVCL (min.) changed 
from 10 ns to 15 ns. Minimum timings for TCLML. TCLMH. and 


TCHDNV changed 
from 0 ns to 10 ns. TCHDNX (min.) changed 
from 5 ns to 10 ns. 


Minimum 
timings 
or TSVDTV. TCLDTV. and TCLLH are no longer indicated 
(they were 


o ns). TCLCSOV and TCLCSOH added. 
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EV80C186 EVALUATION BOARD 


270773-1 


LOW COST CODE EVALUATION TOOL 


Intel's EV80C186 evaluation 
board provides a hardware 
environment 
for code execution 
and software debugging at a relatively 
low cost. The board features 
the 80C186 advanced, 
CHMOS, 16-bit data controller, 
the highest performance 
member ofthe 
industry 
standard 
80186 family. The board allows you to take full advantage 
of the power of the 
80186 family. The EV80C186 provides zero wait-state, 
12.5 MHz execution 
of your code. 
Plus, it can be quickly reconfigured 
to use an 80C188, 80186 or 80188, allowing for exact 
analysis of code execution 
speeds in a particular 
application. 


Popular 
features 
such as single-step 
program 
execution 
and sixteen software breakpoints 
are standard 
on the EV80C186. Intel provides a complete code development 
environment 
using assembler 
(ASM-86) as well as high-level languagessuch 
as Intel's iC-86, 
FORTRAN-86, Pascal-86 or PL/M-86 to accelerate 
development 
schedules. 


The evaluation 
board is hosted on an IBM PC' or BIOS-compatible 
clone, already 
a 
standard 
development 
solution in most oftoday's 
engineering 
environments. 
The source 
code for the on-board monitor (written 
in ASM-86) is public domain. The program 
is about 
2K, and can be modified to be included in your target hardware. 
In this way, the provided 
PC host software can be used throughout 
the development 
phase. 
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FEATURES 


EV80C186 FEATURES 
• Zero Wait-State 
12.5 MHz Execution 
Speed 
• 16K Bytes ofSRAM/ROMsim 
• DRAM Sockets and Control Logic 
• CMOS, low-power board 
• Concurrent 
Interrogation 
of Memory and Registers 
• Sixteen Software Breakpoints 
• Two Single-Step 
Modes 
• High-Level Language 
Support 
• RS-232-C Communication 
Link 


FULL SPEED EXECUTION 


The EV8OC186 executes your code from on-board ROMsim at 12.5 MHz with zero wait-states. 
By 
changing 
oscillators 
on the 8OC186, any execution 
speed up to 16 MHz can be evaluated. 
The 
boards host interface 
baud-rate 
is not affected by this crystal change. 


16K BYTES OFROMSIM 
The board comes with 16K bytes of SRAM to be used as ROMsim for your code and for data 
memory as needed. This memory is configured 
as sixteen bits wide. If you are using an 
80188/8OC188, the lower byte is actually 
a 32K x 8 SRAM, providing 32K bytes for your 
application. 


DRAM SOCKETS AND CONTROL LOGIC 
The EV8OC186 comes with sockets ready for 512K bytes of DRAM; the necessary 
control logic is 
already 
there. Also, if you are using an 8OCl86 or 8OC188, the monitor will set up the DRAM 
refresh controller 
for you. 


TOTALLY CMOS BOARD 


The EV8OC186 board is built totally with CMOS components. 
Its power consumption 
is therefore 
low, requiring 
5 volts at 400 mA. The board also requires 
± 12 volts at 15 mA. 


CONCURRENT INTERROGATION 
OF MEMORY AND REGISTERS 
The monitor for the EV8OC186 allows you to read and modify external 
memory and read internal 
registers 
while your code is running 
in the board. You may only modify internal 
registers 
while 
your code is halted. 


SIXTEEN SOFTWARE BREAKPOINTS 


There are sixteen breakpoints 
available 
which automatically 
substitute 
an INT3 instruction 
for 
your code instruction 
at the breakpoint 
location. The substitution 
occurs when execution 
is 
started. 
If processor is halted or a breakpoint 
is reached, your code is restored 
in the ROMsim. 


TWO STEP MODES 


There are two single-step 
modes available. 
The first stepping mode uses the Trap Flag feature 
of 
the '86 architecture. 
The second mode also uses the Trap Flag except for subroutine 
calls which 
are treated 
as one indivisible 
instruction 
by placing an INT3 after them. 
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HIGH LEVEL LANGUAGE SUPPORT 


The host software 
for the EV8OC186 board 
is able to load absolute 
object code generated 
by 
ASM-86, iC-86, FORTRAN-86, 
Pascal-86 or PL/M-86, 
all of which are available 
from Intel. 


RS·232·C COMMUNICATION LINK 


The EV80C186 communicates 
with the host using an Intel82510 
UART provided on board. 


PERSONAL COMPUTER REQUIREMENTS 
The EV8OC186 Evaluation 
Board is hosted on an IBM PC, XT, AT or BIOS-compatible 
clone. The 
PC must meet the following minimum 
requirements: 


• 512K Bytes of Memory 
• A Serial Port (COM1 or COM2) at 9600 Baud 
• One 360K Byte floppy Disk Drive 
• ASM-86, iC-86, FORTRAN-86, Pascal-86 or 
• PC DOS 3.1 or Later 
PL/M-86 
• A text editor such as AEDIT 


, 


MEMORY 
.' 


80C186 
82510 
16 to 
32K 
Static 
RAM 
Host 
Interface 
CPU 
512K 
Dynamic 
RAM 
UART 
16K 
EPROM 
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I 
Address 
I 
I 
I 
Oata 
,. 
l' 
Expansion 


Control 
< 
Interface 
I 
I 


Bus 


80C187 
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Numerics 
DIGITAL 


Coprocessor 
I/O 


270n3-2 
For information 
or the number of your nearest 
sales office call 800-548-4752 (D.S. and Canada). 
Intel Corporaton, 
Literature 
Department, 
3065 Bowers Avenue, Santa Clara CA 95051. 
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Support Tools 
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8086/80186 
SOFTWARE DEVELOPMENT 
PACKAGES 


280009-1 


COMPLETE 
SOFTWARE 
DEVELOPMENT 
SUPPORT 
FOR THE 
8086180186 FAMILY 
OF MICROPROCESSORS 


Intel supports 
application 
development 
for the 8086/80186 
family of microprocessors 
(8086/88,80186/188, 
8OC186/C188, 8OC186EB/C188EB 
and real mode 80286 and 80386 
designs) with a complete set of development 
languages 
and utilities. 
These tools include a 
macro assembler 
and compilers for C, PL/M, FORTRAN and Pascal. A linker/relocator 
program, 
library manager, 
numerics 
support 
libraries, 
and object-to-hex utility are also 
available. 
Intel software tools generate 
fast and efficient code. They are designed to give 
maximum 
control over the processor. Most importantly, 
they are designed to get your 
application 
up and running 
in an embedded system fast and with maximum 
design 
productivity. 
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FEATURES 


Create 
and 
Maintain 
Libraries 
W1th 
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Numeric. 
Support 
Libraries 


Figure 
1. The Application 
Development 
Process 
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FEATURES 
• Macro assembler 
for speed-critical 
code 
• NEW windowed, interactive 
source level 
debugger works with all Intellanguages 
• ANSI standard 
iC-86 package for structured 
C programming, 
with many processor 
specific extensions 
• PL/M compiler for high-level language 
programs 
with support for many low-level 
hardware 
functions 
• FORTRAN for ANSI-compatible, 
numeric 
intensive 
applications 
• Pascal for developing modular, 
portable 
applications 
that are easy to maintain 
• Linker program 
for linking modules 
generated 
by Intel compilers and assemblers 
• Locator for generating 
programs 
with 
absolute addresses 
for execution 
from ROM 
based systems 
• AEDIT Source Code and text editor 
• Library 
manager 
for creating 
and 
maintaining 
object module libraries 
• Complete 8087/8OC187 numeric 
libraries 
including 
software emulator 
support 


• Object-to-hex conversion 
utility for burning 
code into (E)PROMS 
• Hosted on IBM PC XT AT" or compatibles 
running 
DOS, DEC VAX" or MicroV AX" 


systems running 
VMS, and Intel Systems 861 


3XX or 286/3XX 
running 
iRMX@ Operating 


System 


ASM-86 MACRO ASSEMBLER 


ASM-86 is the macro assembler 
for the 80861 


80186 family of components. 
It is used to 
translate 
symbolic assembly language 
source 
into relocatable 
object code where utmost 
speed, small code size and hardware 
control 
are critical. Intel's exclusive macro facility in 
ASM-86 saves development 
and maintenance 
time, since common code sequences 
need only 
be developed once. The assembler's 
simplified 
instruction 
set makes program 
development 
easier. This assembler 
also saves development 


time by performing 
extensive 
checks on 
consistent 
usage of variables 
and labels. 


Inconsistencies 
are detected when the program 


is assembled, 
before linking or debugging is 
started. 
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FEATURES 


DB86 SOURCE LEVEL 
DEBUGGER 


DB-86 is an on-host software execution 
environment 
with source level debug 
capabilities 
for object modules produced by iC- 


86, ASM-86, PL/M-86, Pascal-86 and 
FORTRAN-86. Its powerful, source-oriented 
interface 
allows users to focus their efforts on 
finding bugs rather 
than spending time 
learning 
and manipulating 
the debug 
environment. 
• Ease oflearning. 
Drop-down menus make 
the tool easy to learn for new or casual users. 
A command 
line interface 
is also provided for 
more complex problems. 
• Extensive 
debug 
modes. 
Watch windows, 
conditional 
breakpoints 
(breakpoints 
triggered 
by program 
conditions), trace 
points, and fixed and temporary 
breakpoints 
can be set and modified as needed. 
• See into your 
program. 
You can browse 
source and call stack, observe processor 
registers, 
output screen, and watch window 
variables 
accessed by either the pull down 
menu or by a single keystroke 
using function 
keys. 
• Full debug 
symbolics 
for maximum 
productivity. 
The user need not know 
whether 
a variable 
is an unsigned integer, a 
real, or a structure; 
the debugger utilizes the 
wealth of variable 
typing information 
available 
in Intellanguages 
to display 
program 
variables 
in their respective 
type 
formats. 
• Support 
for overlaid 
programs 
and the 
numeric 
coprocessor. 


iC-86 SOFTWARE 
PACKAGE 


Intel's iC-86 brings the full power of the C 
programming 
language 
to 8086/88, 8OC1861 
C188 and 8OC186EB/C188EB-based 
microprocessor 
systems. It can also be used to 
develop real mode programs 
for execution 
on 
the 80286 or 80386. iC-86 has been developed 
specifically for embedded microprocessor-based 
applications. 
iC-86 meets the ANSI C standard. 
Key features 
of the iC-86 compiler include: 
• Highly 
Optimized. 
Four levels of 
optimization 
are available. 
Important 
optimization 
features 
include a jump 
optimizer 
and improved register 
manipulation 
via register 
history. 
• ROMable 
Code and Libraries. 
The iC-86 
compiler produces ROMable code which can 
be loaded directly into embedded target 
systems. Libraries 
are also completely 
ROMable, retargetable 
and reentrant. 
• Supports 
Small, 
Medium, 
Compact, 
and 
Large 
memory 
segmentation 
models. 
• Symbolics. 
The iC-86 compiler boosts 
programming 
productivity 
by providing 
extensive 
debug information, 
including 
type 
information 
and symbols. The symbolies 
information 
can be used to debug using Intel 
ICETMemulators 
and the new DB-86 Source 
level debugger. 
• Built-in 
functions. 
iC-86 is loaded with 
built-in functions. 
The flags register, 
110 
ports, interrupts, 
and numerics 
chip can be 
controlled 
directly, without 
the need for 
assembly language 
coding. You spend more 
of your productive 
time programming 
in C 
and less with Assembler. 
Built-in functions 
also improve compile-time 
and run-time 
performance 
since the compiler generates 
in- 
line code instructions 
instead offunction 
calls to assembly instructions. 


• Standard 
Language. 
iC-86 conforms to the 
ANSI standard 
for the C language. 
iC-86 code 
is fully linkable with other modules written 
in other Intel 8086/186 languages, 
allowing 
programmers 
to use the optimal language 
for 
any task. 
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FEATURES 


PL/M-86 SOFTWARE PACKAGE 


PL/M-86 is a high-level programming 
language 
designed to support the software 
requirements 
of advanced 
16-bit 
microprocessors. 
PL/M-86 provides the 
productivity 
advantages 
of a high-level 
language 
while providing the low-level 
hardware 
access features 
of assembly 
language. 
Key features 
ofPL/M-86 
include: 


• Structured 
programming. 
PL/M-86 
supports 
modular 
and structured 
programming, 
making programs 
easier to 
understand, 
maintain 
and debug. 


• Built-in 
functions. 
PLlM-86 includes an 
extensive 
list of functions, 
including 
TYPE 
CONVERSION 
functions, 
STRING 
manipulations, 
and functions 
for 
interrogating 
8086/186 hardware 
flags. 


• Interrupt 
handling. 
The INTERRUPT 
attribute 
allows you to defme interrupt 
handling 
procedures. 
The compiler generates 
code to save and restore all registers 
for 
INTERRUPT 
procedures. 


• Compiler 
controls. 
Compile-time 
options 
increase the flexibility ofthe 
PL/M-86 
compiler. They include: optimization, 
conditional 
compilation, 
the inclusion of 
common PL/M source files from disk, cross- 
reference 
of symbols, and optional assembly 
language 
code in the listing file. 
• Data types. 
PL/M-86 supports 
seven data 
types, allowing the compiler to perform three 
different 
kinds of arithmetic: 
signed, 
unsigned and floating point. 


• Language 
compatibility. 
PL/M-86 object 
modules are compatible 
with all other object 
modules generated 
by Intel8086/186 
languages. 


FORTRAN-86 SOFTWARE 
PACKAGE 


FORTRAN-86 meets the ANSI FORTRAN 77 
Language 
Subset Specification 
and includes 
almost all of the features 
of the full standard. 
This compatibility 
assures portability 
of 
existing FORTRAN programs 
and shortens 
the 
development 
process, since programmers 
are 
immediately 
productive 
without 
retraining. 


FORTRAN-86 provides extensive 
support for 
numeric 
processing tasks and applications, 
with features 
such as: 
• Support for single, double, double extended 
precision, complex, and double complex 
floating-point 
data types 


• Support for proposed REALMATH 
IEEE 
floating point standard 
• Full support for all other data types: integer, 
logical and character 
• Optional hardware 
(8087 numeric 
data 
processor) or software (simulator) 
floating- 


point support at link time 


PASCAL-86 SOFTWARE 
PACKAGE 


Pascal-86 conforms to the ISO Pascal standard, 
facilitating 
application 
portability, 
training 
and maintenance. 
It has also been enhanced 
with microcomputer 
support features 
such as 
interrupt 
handling, 
direct port I/O and 
separate 
compilation. 


A well-defined and documented 
run-time 
operating 
system interface 
allows the user to 
execute applications 
under user-designed 
operating 
systems as an alternate 
to the 
development 
system environment. 
Program 
modules compiled under Pascal-86 are 
compatible 
and linkable with modules written 
in other Intel 8086/186 languages, 
so 
developers can implement 
each module in the 
language 
most appropriate 
for the task at 
hand. 


Pascal-86 object modules contain symbol and 
type information 
for program 
debugging using 
Intel ICETMemulators 
and the DB-86 
debugger. 


LINK-86 LINKER 


Intel's LINK-86 utility is used to combine 
multiple 
object modules into a single program 
and resolve references 
between independently 
compiled modules. The resulting 
linked 
module can be either a bound load-time- 
locatable module or simply a relocatable 
module. A .EXE option allows modules to be 
generated 
which can be executed directly on a 
DOS system. 
. 


LINK-86 greatly increases 
productivity 
by 
allowing you to use modular 
programming. 


The incremental 
link capability 
allows new 
modules to be easily added to existing software. 
Because applications 
can be broken into 
separate 
modules, they're 
easier to design, test 
and maintain. 
Standard 
modules can be reused 
in different 
applications, 
saving software 
development 
time. 
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LOC·86 LOCATOR 
The LOC-86 utility changes relocatable 
80861 
186 object modules into absolute object 
modules. Its default address assignment 
algorithm 
will automatically 
assign absolute 
addresses 
to the object modules prior to 
loading ofthe 
code into the target system. This 
frees you from concern about the final 
arrangement 
of the object code in memory. 


You still have the power to override the 
control and specify absolute addresses 
for 
various Segments, 
Classes, and Groups in 
memory. You may also reserve various parts of 
memory. 
L0C-86 is a powerful tool for embedded 
development 
because it simplifies set up ofthe 
bootstrap 
loader and initialization 
code for 
execution 
from ROM based systems. The 
locator will also optionally 
generate 
a print file 
containing 
diagnostic 
information 
to assist in 
program 
debugging. 


NUMERICS SUPPORT 
LIBRARIES 
The 8087 and 8OC187 Support Libraries 
greatly facilitate 
the use of floating-point 
calculations 
from programs 
written 
in 
Assembler, 
PL/M, and C. It adds to these 
languages 
many of the functions 
that are built 
into applications 
programming 
languages, 
such as Pascal and FORTRAN. Numerics 
functions 
can be processed by either the 8087 
or 8OC187 numeric 
coprocessors, or by the 
corresponding 
software emulators. 
The 
decimal conversion 
library aids the translation 
between decimal and binary formats. A 
Common Elementary 
Function 
library 
provides support for transcendental, 
rounding 
and other common functions, 
not directly 
handled by the numeric 
processor. An Error 
Handler 
Module makes it easy to write 
interrupt 
routines 
that recover from floating- 
point error conditions. 


LIB·86 LIBRARIAN 
The Intel LIB-86 utility creates and maintains 
libraries 
of software object modules. Standard 
modules can be placed in a library and linked 
to your application 
using the LINK-86 utility. 


AEDITSOURCECODEAND 
TEXT EDITOR 
AEDIT is a full-screen text editing sy,stem 
designed specifically for software engineers 
and technical 
writers. 
With the facilities for 
automatic 
program block indentation, 
HEX 
display and input, and full macro support, 
AEDIT is an essential 
tool for any 
programming 
environment. 
And with AEDIT, 
the output file is the pure ASCII text (or HEX 
code) you input-no 
special characters 
or 
proprietary 
formats. 


Dual file editing means you can create source 
code and its supporting 
documents 
at the same 
time. Keep your program 
listing with its errors 
in the background 
for easy reference 
while 
correcting 
the source in the foreground. 
Using 
the split-screen 
windowing capability, 
it is easy 
to compare two files, or copy text from one to 
the other. The DOS system-escape 
command 
eliminates 
the need to leave the editor to 
compile a program, 
get a directory 
listing, or 
execute any other program 
executable 
at the 
DOS system level. 


OH·86 OBJECT· TO· 
HEXADECIMAL CONVERTER 


The OH-86 utility converts Inte18086/186 
object modules into standard 
hexadecimal 
format, allowing the code to be loaded directly 
into PROM using industry 
standard 
PROM 
programmers. 


WORLDWIDE SERVICE, 
SUPPORT, AND TRAINING 


To augment 
its development 
tools, Intel offers 
a full array of seminars, 
classes, and 
workshops, 
field application 
engineering 
expertise, 
hotline technical 
support and on-site 
service. 


Intel also offers a Software Support package 
which includes technical 
software information, 
telephone 
support, automatic 
distribution 
of 
software and documentation 
updates, access to 
the "Tool'I'alk" 
electronic bulletin 
board, 
iComments 
publication, 
remote diagnostic 
software, and a development 
tools 
troubleshooting 
guide. 


Intel's Hardware 
Support package includes 
technical 
hardware 
information, 
telephone 
support, warranty 
on parts, labor, material, 
and on-site hardware 
support. 
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ORDERING INFORMATION 


LIB-86 LIBRARIAN 
R286ASM86EU 
FORTRAN-86 
D86ASM86KIT 
ASM-86 
Assembler 
for PC XT or 
AT system (or 
compatible) 
running 
DOS 
3.0 or higher 
Assembler 
forVAXI 
VMS 
Assembler 
for 
MicroVAXI 
VMS 
Assembler 
for Intel Bs/ 
3XXsystems 
running 
iRMX86 
operating 
system 
Assembler 
for Intel 2861 
3XXsystems 
running 
iRMX<!>II 
operating 
system 
Note: 
ASM-86 includes Macro Assembler, 
Link-86, 
Loc-86, Lib-86, Cross-Reference 
utility, OH-86, 


Numerics 
Support, and DB-86 Source Level 
Debugger. (DB-86 available 
in DOS version 
only.) 


D86C86NL 


VVSASM86 
ASM-86 


MVVSASM86 
ASM-86 


R86ASM86SU 
ASM-86 


R286ASM86EU 
ASM-86 


iC-86 
Software 
Package for 
mM PC XTI 
AT running 
PC DOS 3.0 
or higher 
Software 
Package for 
VAX/VMS 
Software 
Package for 
MicroVAXI 
VMS 


VVSC86 
iC-86 


MVVSC86 
iC-86 


PL/M-86 
VVSPLM86 


MVVSPLM86 
PL/M-86 


R86PLM86SU 
PL/M-86 


D86FOR86NL 
FORTRAN-86 


VVSFORT86 
FORTRAN-86 


MVVSFORT86 
FORTRAN-86 


R86FOR86SU 
FORTRAN-86 


D86PAS86NL 
PASCAL-86 


VVSPAS86 
PASCAl.r86 
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Software 
Package for 
VAX/VMS 
Software 
Package for 
MicroVAXI 
VMS 
Software 
Package for 
Intel System 
8086/3XX 
running 
iRMX86 
operating 
system' 
Software 
Package for 
PCXT AT (or 
compatible) 
running 
PC- 


DOS 3.0 or 
higher 
Software 
Package for 
VAX/VMS 
4.3 and later 
Software 
Package for 
MicroVAXI 
VMS 
Software 
Package for 
Intel System 
86/3XX 
running 
iRMX86 
operating 
system 
Software 
Package for 
mMPCXT 
AT running 
PC DOS 3.0 or 
higher 
Software 
Package for 
VAX/VMS 


inter 


ORDERING INFORMATION 


R86C86SU 
iC-86 
MVVPAS86 
PASCAL-86 


D86PLM86NL 
PL/M-86 


Software Package 
for Intel System 
8086/3XX running 
iRMX 86 operating 
system 
Software Package 
for IBM PC XT AT 
running 
PC DOS 3.0 
or higher 


R86PAS86SU 
PASCAL-86 


D86EDNL 
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Software Package 
for Micro VAX/ 
VMS 
Software Package 
for Intel System 
86/3XX running 
iRMX86 
AEDIT Source 
Code Editor for 
IBMPCXT/AT 
running 
PC DOS 
3.0 or higher • 


iPATTM PERFORMANCE 
ANALYSIS TOOL 


280786-1 
REAL-TIME 
SOFTWARE 
ANALYSIS 
FOR THE 8086188, 
80186/188, 80286, and 80386 
Intel's iPATTM Performance 
Analysis Tool enables OEMs developing applications 
based 
on the 8086/88, 80186/188, 80286, or 80386 microprocessors 
to analyze real-time 
software 
execution 
in their prototype 
systems at speeds up to 20 MHz. Through 
such analysis, 
it is 
possible to speed-tune 
applications 
with real-time 
data, optimize use of operating 
systems 
(such as Intel's iRMX@ IT Real-Time Multitasking 
Executive 
for the 80286 and 80386, and 
iRMKTM Real-Time Multitasking 
Kernel for the 80386), characterize 
response 
characteristics, 
and determine 
code execution 
coverage by real-time 
test suites. Analysis 
is performed 
symbolically, 
non-intrusively, 
and in real-time 
with 100% sampling 
in the 
microprocessor 
prototype 
environment. 
iPAT supports 
analysis ofOEM-developed 
software built using 8086, 80286, and 80386 assemblers 
and compilers supplied by Intel 
and other vendors. 


All iPAT Performance 
Analysis Tool products are serially linked to DOS computer 
systems (such as IBM' PC AT, PC XT, and PS/2' 
Model 80) to host iPAT control and 
graphic display software. Several means of access to the user's prototype 
microprocessor 
system are supported. 
For the 80286 (real and protected 
mode), a 12.5 MHz iPAT-286 
probe can be used with the iPATCORE system. For the 8086/88 (MAX MODE designs 
only), a 10 MHz iPAT-88 probe can be used with the iPATCORE system. iPATCORE 
systems also can be connected 
to sockets provided on the ICETM-286 and ICE-186 in- 
circuit emulators, 
or interfaced 
to I2ICETM in-circuit 
emulators 
with probes supporting 
the 8086/88, 80186/188, or 80286. The 20 MHz iPAT-386 probe, also supported 
by the 
common iP ATCORE system, can be operated 
either in "piggyback" 
fashion connected 
to 
an Intel ICE in-circuit 
emulator 
for the Inte1386, or directly connected 
to a prototype 
system independent 
of an ICE. iPAT-386 supports 
all models of 80386 applications 
anywhere 
in the lowest 16 Megabytes 
of the 80386 linear address space. 
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FEATURES 


iPATTMFEATURES 
• up to 20 MHz real-time 
analysis 
• Histograms 
and analysis tables 
• Performance 
profiles of up to 125 partitions 
• Code execution coverage over up to 252K 
• Hardware 
or software interrupt 
analysis 
• Simple use with function keys and graphics 
• Use with or without Intel ICEs 


MOST COMPLETE REAL-TIME 
ANALYSIS AVAILABLE TODAY 


iP AT Performance 
Analysis Tools use in- 
circuit probes containing 
proprietary 
chip 
technology 
to achieve full sampling 
in real- 
time non-intrusively. 


MEETS THE REAL·TIME 
DESIGNER'S NEEDS 


The iPAT products include support for 
interactions 
between real-time 
software and 
hardware 
interrupts, 
real-time 
operating 
systems, "idle time," and full analysis of real- 
time process control systems. 


SPEED·TUNING YOUR 
SOFTWARE 
By examining 
iP AT histogram 
and tabular 
information 
about procedure 
usage (including 
or not including 
their interaction 
with other 
procedures, 
hardware, 
operating 
systems, or 
interrupt 
service routines) for critical 
functions, 
the software engineer 
can quickly 
pinpoint 
trouble spots. Armed with this 
information, 
bottlenecks 
can be eliminated 
by 
means such as changes to algorithms, 
recoding 
in assembler, 
or adjusting 
system interrupt 
priorities. 
Finally, iPAT can be used to prove 
the acceptability 
ofthe developer's 
results. 


EFFICIENCY AND 
EFFECTIVENESS IN TESTING 


With iPAT code execution coverage 
information, 
product evaluation 
with test 
suites can be performed 
more effectively and in 
less time. The evaluation 
team can quickly 
pinpoint 
areas of code that are executed or not 
executed under real-time 
conditions. 
By this 
means, the evaluation 
team can substantially 
remove the "black box" aspect of testing and 
assure 
100% hits on the software under test. 
Coverage information 
can be used to document 
testing at the module, procedure, 
and line 


level. iP AT utilities 
also support generation 
of 
instruction-level 
code coverage information. 


ANALYSIS WITH OR WITHOUT 
SYMBOLICS 


If your application 
is developed with "debug" 
symbolics generated 
by Intel 8086, 80286, or 
80386 assemblers 
and compilers, 
iPATcan 
use 
them-automatically. 
Symbolic names also 
can be defined within the iP AT environment, 
or conversion 
tools supplied with the iPAT 
products can be used to create symbolic 
information 
from virtually 
any vendor's 
map 
files for 8086, 80286, and 80836 software tools. 


REAL OR PROTECTED MODE 


iPATsupports 
80286 and 80386 protected 
mode symbolic information 
generated 
by Intel 
80286 and 80386 software tools. It can work 
with absolute addresses, 
as well as base-offset 
or selector-offset 
references 
to partitions 
in the 
prototype 
system's execution 
address space. 


FROM ROM·LOADED TO 
OPERATING SYSTEM LOADED 
APPLICATIONS 


The software analysis provided by iPAT 
watches absolute execution 
addresses 
in-circuit 
in real time, but also supports 
use of various 
iP AT utilities 
to determine 
the load locations 
for load-time located software, such as 
applications 
running 
under iRMXII, OOS, 
Microsoft Windows", or MS·-OS/2. 


USE STANDALONE OR WITH 
ICE 


The iPAT-386, iPAT-286, and iPAT-86/88 
probes, together 
with an iP ATCORE system, 
provide standalone 
software analysis 
independent 
of an ICE (in-circuit emulator) 
system. The iPATCORE system and 008- 
hosted software also can be used together 
with 
ICE-386, ICE-286, and I2ICE-86/88, 186/188, or 
286 in-circuit 
emulators 
and 008-hosted 
software. Under the latter scenario, the user 
can examine prototype 
software 
characteristics 
in real-time 
on one OOS host 
while another 
OOS host is used to supply input 
or test conditions to the prototype 
through 
an 
ICE. 
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UTILITIES FOR YOUR NEEDS 


Various utilities 
supplied with iPAT products 
support generation 
of symbolic information 
from map files associated 
with 3rd-party 
software tools, extended 
analysis ofiPATcode 
execution 
coverage analysis data, and 
convenience 
in the working environment. 
For 
example, 
symbolics can be generated 
for maps 
produced by most software tools, instruction- 
level code execution 
information 
can be 
produced, and iRMXII-format 
disks can be 


SPECIFICATIONS 


read/written 
in DOS floppy drives to facilitate 
file transfer. 


WORLDWIDE SERVICE AND 
SUPPORT 


All iP AT Performance 
Analysis Tool products 
are supported 
by Intel's worldwide service and 
support, Total hardware 
and software support 


is available, 
including 
a hotline number 
when 
the need is there. 


HOST COMPUTER 
REQUIREMENTS 
All iP AT Performance 
Analysis Tool products 
are hosted on IBM PC AT, PC XT, or PS/2 
Model 80 personal 
computers, 
or 100% 
compatibles, 
and use a serial link for host-to- 


iPAT communications. 
At least a PC AT class 
system is recommended. 
The DOS host system 
must meet the following minimum 
requirements: 
• 640K Bytes of Memory 
• 360K Byte or 1.2M Byte floppy disk drive 
• Fixed disk drive 
• A serial port (COM1 or COM2) supporting 
9600 baud data transfer 
• DOS 3.0 or later 
• IBM or 100% compatible 
BIOS 


PHYSICAL DESCRIPTIONS 
Width 
Height 
Length 
Unit 
In. 
Cm. In. 
Cm. 
In. 
Cm. 


iPATCORE 
8.2521.01.75 
4.5 13.75 
35.0 
Power Supply 
7.7520.04.2511.0 
11.0 
28.0 
iPAT-386 probe 
3.0 
7.60.50 
1.3 
4.0 
10.1 


iPAT-286 probe 
4.010.21.12 
2.8 
6.0 
15.3 
iPAT-86 probe 
4.010.21.12 
2.8 
6.0 
15.3 


iPATCABLE (to 
ICE-186/286) 
4.0 10.2 
.25 
.6 
36.0 
91.4 
IIIP ATB,C,D 
a2ICE board) 
12.0 30.5 12.0 30.5 
.5 
1.3 
Serial cables PC 
AT/XT PS/2 
144.0370.0 


ELECTRICAL 
CONSIDERATIONS 


The iPATCORE system power supply uses an 
AC power source at 1OOV,120V, 220V, or 240V 
over 47Hz to 63Hz. 2 amps (AC) at 100V or 
120V; 1 amp at 220V or 240V. 


iPAT-386, iPAT-286 and iPAT-86/88 
probes 
are externally 
powered, impose no power 
demands on the user's prototype, 
and can thus 
be used to analyze software activity through 
power down and power up of a prototype 
system. For ICE-386, ICE-286, ICE-l86, and 
12ICE microprocessor 
probes, see the 
appropriate 
in-circuit 
emulator 
factsheets. 


ENVIRONMENTAL 
SPECIFICATIONS 


Operating 
Temperature: 
10°C to 40°C (50°F to 
104°F) ambient 


Operating 
Humidity: 
Maximum 
of 85% 
relative 
humidity, 
non-condensing 
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CONFIGURATION GUIDE 
For all of the following application 
requirements, 
the iPAT system is supported 
with iPAT 2.0 (or 
greater) 
or iPAT/I2ICE 
1.2 (or greater) 
host software, as footnoted. 


Application 
Software 
Option 
iP AT Order Codes 
Host System 


80386 Embedded 
iRMK on 80386 
iRMXII OS-Loaded or Embedded on 386 
OS/2-Loaded 
on 386 
iRMXII OS-Loaded or Embedded 
80286 Embedded 


OOS OS-Loaded 80286 
OS/2 OS-Loaded 80286 
80186/188 Embedded 


OOS OS-Loaded 8086/88 
8086/88 Embedded 


#1 
#1 
#1 
#1 
#1 
#1 
#2 
#3 
#4 
#1 
#1 
#1 
#2 
#3 
#1 
#1 
#2 
#3 


iPAT38600S1, 
iPATCORE 
iPAT38600S, 
iP ATCORE 
iPAT38600S, 
iPATCORE 
iPAT386DOS, iPATCORE 
iPAT28600S, 
iPATCORE 
iP AT28600S, 
iP ATCORE 
ICEPATKIT2 
12ICEPATKIT3 
IIIPATD, iP ATCORE3 
iPAT28600S, 
iPATCORE 
iP AT28600S, 
iPATCORE 
ICEPATKIT2 
12ICEPA TKIT3 
IIIPATD, iPATCORE3 
iPAT8800S, 
iPATCORE 
iPAT8800S, 
iPATCORE 
12ICEPATKIT3 
IIIPATD, iPATCORE3 


OOS4 
OOS 
OOS 
OOS 
OOS 
OOS 
OOS 
OOS 
OOS4 
OOS 
OOS 
OOS 
DOS 
DOS4 
DOS 
OOS 
DOS 
DOS4 
Notes: 
1. Operable standalone 
or with ICE-386 (separate 
product; separate 
host), iPAT-386 probe connects directly to prototype 
system 
socket, or to optional 4 probe-to-socket 
hinge cable (order code TA386A), or to ICE-386 probe socket. 


2. Requires 
ICE-l86 or ICE-286 in-circuit emulator 
system. 


3. Requires 
I2JCE in-circuit emulator 
system. 


4. Includes iPAT/I2JCE 
integrated 
software (iPAT/ICE 
1.2 or greater), 
which only supports 
sequential 
iPAT and ICE operation 
on one host, rather 
than in parallel 
on two hosts (iPAT 2.0 or greater). 
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I2ICETM IN-CIRCUIT 
EMULATION 
SYSTEM 


280800-1 


IN·CIRCUIT 
EMULATOR 
FOR THE 8086180186180286 FAMILY 
OF MICROPROCESSORS 
The I2ICETM In-circuit 
Emulator 
is a high-performance, 
cost-effective debug environment 
for developing systems with the Intel 8086/80186/80286 
family of microprocessors. 
With 
10 MHz emulation, 
a window-oriented 
user interface, 
and compatibility 
with Intel's 
iPATTM Performance 
Analysis Tool, the I2ICE Emulator 
gives you unmatched 
speed and 
control over all phases of hardware/software 
debug. 


FEATURES 


• Emulation 
speeds up to 10 MHz with 
8086/88,80186/188 
and 80286 
microprocessors 
• 8087 and 80287 numeric 
coprocessor 
support 
• Hosted on mM PC AT" or AT BIOS 
compatibles 
• ICEVIEWTM window-oriented 
user 
interface 
with pull-down menus and 
context-sensitive 
help 
• Source and symbol display using all Intel 
languages 


• 1K frame bus and execution 
trace buffer 
• Symbolic debugging for flexible access to 
memory location and program 
variables 
• Flexible breakpointing 
for quick problem 
isolation 
• Memory expandable 
to 288K with zero 
wait states 
• Worldwide service and support 
• iP AT option for software speed tuning 


12ICE, ICEVIEW, 
and iPAT are trademarksofIntel 
Corporation. 
·IBM is a trademark 
of International 
Business 
Machines 
Corporation. 
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FEATURES 


ONE TOOL FOR THE ENTIRE 
DEVELOPMENT PROCESS 


The 121CEEmulator 
allows hardware 
and 
software design to proceed simultaneously, 
so 
you can develop software even before prototype 
hardware 
is available. 
With 32K of zero wait- 


state mappable 
memory (and an additional 
256K with optional memory boards), you can 
use the 121CEEmulator 
to debug at any stage 
of the development 
cycle: hardware 
development, 
software development, 
system 
integration 
or system test. 


HIGH-SPEED, REAL-TIME 
EMULATION 


The 121CEEmulator 
delivers full-speed, real- 
time emulation 
at speeds up to 10 MHz. Based 
on Intel's exclusive microprocessor 
technology, 
the 121CEEmulator 
matches each chip's 
electrical 
and timing characteristics 
without 
memory or interrupt 
intrusions, 
ensuring 
design accuracy and eliminating 
surprises. 
The 
performance 
of your prototype 
is the 
performance 
you can expect from your final 
product. 


EASY-TO-USE ICEVIEWTM 
INTERFACE 
The ICEVIEW interface 
makes the 121CE 
Emulator 
easy to learn and use by providing 
easy access to application 
information 
and ICE 
functions. 
Pull-down menus and windows boost 
productivity 
for both new and experienced 
users. Multiple 
on-screen windows allow you to. 


access the source display, execution 
trace, 
register, 
and other important 
information, 
all 
at the same time. You can watch the 
information 
change as you modify and step 
through 
your program. 
You can even 


customize window size and screen positions. A 
command line interface 
is also available 
with 
syntax checking and context-sensitive 
prompts. ICEVIEW works with monochrome, 
CGA and the latest EGA color displays. 


SYMBOLIC DEBUG SPEEDS 
DEVELOPMENT 


The extensive 
debug symbolics generated 
by 
the Intel 8086 and 80286 assemblers 
and 
compilers can increase your development 
productivity. 
Symbolics with automatic 
formatting 
are available 
for all primitive 
types, regardless 
of whether 
the variables 
are 
globals, locals (stack-resident) 
or pointers. 
The 
virtual 
symbol table supports 
all symbolics, 
even in very large programs. 
Aliasing can be 
used to reduce keystrokes 
and save time. 


POWERFUL BREAK AND 
TRACE CAPABILITY FOR FAST 
PROBLEM ISOLATION 


The 121CEEmulator 
allows up to eight 
simultaneous 
break/trace 
conditions 
to be set 
(four execution, 
four bus), a timesaver 
when 
solving hardware/software 
integration 
problems. Break and trace points can be set on 
specified line numbers, 
on procedures, 
or on 
symbolic data events, such as writing a 
variable 
to a value or range of values. You can 
break or trace on specific hardware 
events, 
such as a read or write to a specific address, 
data or I/O port, or on a combination 
of events. 


MULTIPROCESSOR, 
PROTECTED MODE, AND 
COPROCESSOR SUPPORT 
, 


Up to four 121CEsystems can be linked and 
controlled 
simultaneously 
from one PC host, 
enabling you to debug multiprocessor 
systems. 


The 12ICE Emulator 
with an 80286 probe 
supports 
all 80286 protected 
mode capabilities. 
It also supports 
the 8087 and 80287 numeric 
coprocessors. 
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FEATURES 


iPATTMFOR SOFTWARE 
PERFORMANCE AND CODE 
COVERAGE ANALYSIS 


The I2ICE Emulator 
interfaces 
to Intel's iPAT 
Performance 
Analysis Tool for examining 
software execution 
speeds and code coverage in 
real time. iPAT displays critical performance 


, data about your code in easy-to-understand 
histograms 
and tables. Elusive bottlenecks 
are 


readily seen, allowing you to focus your 
attention 
to get the most performance 
out of 
your product. 


iPAT also performs code execution 
coverage, 
letting you perform product evaluations 
faster 
and more effectively. iPAT pinpoints 
areas in 
your code either executed or not executed 
according to specific conditions, 
taking the 
guesswork 
out of software evaluations. 


EASY INTERFACE TO 
EXTERNAL INSTRUMENTS 
The I2ICE system includes external 
emulation 
clips and software support for setting 
breakpoints, 
tracepoints 
and arm/disarm 
conditions 
on external 
events, making it easy 


to connect external 
logic analyzers 
and signal 
generators. 
You can debug complex hardware/ 
software interactions 
with a high level of 
productivity. 


WORLDWIDE SERVICE, 
SUPPORT, AND TRAINING 


To augment 
its development 
tools, Intel offers 
a full array of seminars, 
classes, and 
workshops, 
field application 
engineering 
expertise, 
hotline technical 
support and on-site 
service. 


Intel also offers a Software Support package 
which includes technical 
software information, 


telephone 
support, automatic 
distribution 
of 
software and documentation 
updates, 
access to 


the "Tool'I'alk" 
electronic bulletin 
board, 


iComments 
publication, 
remote diagnostic 
software, and a development 
tools 


troubleshooting 
guide. 


Intel's Hardware 
Support package includes 
technical 
hardware 
information, 
telephone 
support, warranty 
on parts, labor, material, 


and on-site hardware 
support. 


SPECIFICATIONS 


Host Requirements 
IBM PC/AT or 100% PC AT BIOS compatible 
DOS3.XX 
640 Kbytes of memory 
360 Kbytes or 1.2 MB floppy disk drive 
Hard disk drive 
Monochrome, 
CGA or EGA monitor (EGA 
recommended) 


Physical 
Description 


Width 
Height 
Length 


Unit 
cm 
in 
cm 
in 
cm 
in 


I2ICE 
chassis 
43.2 
17.0 
21.0 
8.25 
61.3 
24.13 


Probe 
base 
21.6 
8.5 
7.6 
3.0 
25.4 
10.0 


Host/chassis 
cable15 ft. (4.6 m) 


Electrical 
Characteristics 
90-132 V or 180-264 V (selectable) 
47-63Hz 
12 amps (AC) 


Environmental 
Specifications 


Operating 
temperature: 
0-40°C (32-104°F) 


ambient 
Operating 
humidity: 
Maximum 
of 85% 
relative 
humidity, 
non-condensing 
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FEATURES 


ORDERING INFORMATION 
Kit Code 


pIIIOlOKITD 


pIII111KITD 


Contents 


I2ICE system 10 MHz 80861 
8088 support kit for IBM PC 
host. Includes probe, chassis, 
and host interface 
module and 
software. 
I2ICE system 10 MHz 80186 
support kit for IBM PC host. 
Includes probe, chassis, host 
interface 
module and software. 


Note: For 80188 support, the 
III198 option below must also be 
ordered. 


III198 
8 MHz 80188 support 
conversion 
kit to convert 80186 
probe to 80188 probe. 


pIII212KITD 
I2ICE system, 10 MHz 80286 
support kit for IBM PC AT host. 
Includes probe, chassis, host 
interface 
module and software. 


954D 
I2ICE PC AT host software. 
Includes ICEVIEWTM 
windowed human 
interface. 


Note: I2ICE probes, chassis, software, cables 
and iPAT options are available 
separately. 
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AEDIT SOURCE CODE AND TEXT EDITOR 


PROGRAMMER SUPPORT 
AEDIT is a full-screen 
text editing system designed specifically 
for software engineers 
and technical 
writers. With the facilities for automatic 
program block indentation, 
HEX 
display and input, and full macro support, AEDIT is an essential 
tool for any 
programming 
environment. 
And with AEDIT, the output me is the pure ASCII text (or 
HEX code) you input-no 
special characters 
or proprietary 
formats. 


Dual me editing means you can create source code and its supporting 
documents 
at the 
same time. Keep your program 
listing with its errors in the background 
for easy 
reference 
while correcting 
the source in the foreground. 
Using the split-screen 
windowing 
capability, 
it is easy to compare two files, or copy text from one to the other. The DOS 
system-escape 
command eliminates 
the need to leave the editor to compile a program, 
get 
a directory 
listing, or execute any other program 
executable 
at the DOS system level. 


There are no limits placed on the size of the me or the length of the lines processed with 
AEDIT. It even has a batch mode for those times when you need to make automatic 
string 
substitutions 
or insertions 
in a number 
of separate 
text files, 


AEDIT FEATURES 


• Complete range of editing support-from 
document 
processing to HEX code entry 
and modification 
• Supports system escape for quick 
execution 
of PC-DOS System level 
commands 


• Full macro support for complex or 
repetitive 
editing tasks 
• Hosted on PC-DOS and RMX operating 
systems 
• Dual me support with optional split- 


screen windowing 
• No limit to me size or line length 


2-16 
October 1990 
Order Number: 280804-002 


inter 


FEATURES 


• Quick response with an easy to use menu 
driven interface 
• Configurable 
and extensible 
for complete 
control of the editing process 


POWERFUL TEXT EDITOR 


As a text editor, AEDIT is versatile 
and 
complete. In addition 
to simple character 
insertion 
and cursor positioning 
commands, 
AEDIT supports 
a number 
of text block 
processing commands. 
Using these commands 


you can easily move, copy, or delete both small 


;-_ 
•••.••~large 
blocks of text. AEDIT also provides 


faci 
ies for forward or reverse string 


arc 
es, string replacement 
and query 


repla 
. 


AEDlT 
emoves the restriction 
of only 


inserti 
characters 
when adding or modifying 


text. 
n adding text with AEDIT you may 


choose 
either insert characters 
at the 


current 
c 
or location, or over-write 
the 


exitting 
te 
as you type. This flexibility 


8implifies the creation 
and editing of tables 


and charts. 


USER I!(TERFACE 
The menu;riven 
interface 
AEDIT provides 


mak 
it u necessary 
to memorize long lists of 


command! 
nd their syntax. Instead, a 


complete liSt of the commands 
or options 


available 
at any point is always displayed at 


the botto 
ofthe 
screen. This makes AEDIT 


both easy to learn and easy to use. 


FULL ~LEXIBILITY 


In addition 
to the standard 
PC terminal 


lIuppo",provided 
with AEDIT, you are able to 


SPECIFICATIONS 


configure AEDIT to work with almost any 
terminal. 
This along with user-definable 
macros and full adjustable 
tabs, margins, 
and 
case sensitivity 
combine to make AEDIT one of 
the most flexible editors available 
today. 


MACRO SUPPORT 


AEDIT will create macros by simply keeping 
track of the command and text that you type, 
"learning" 
the function the macro is to 
perform. The editor remembers 
your actions 


for later execution, 
or you may store them in a 


me to use in a later editing session . 


Alternatively, 
you can design a macro using 


AEDIT's powerful macro language. 
Included 
with the editor is an extensive 
library 
of useful 


macros which you may use or modify to meet 
your individual 
editing needs. 


TEXT PROCESSING 


For your documentation 
needs, paragraph 
filling or justification 
simplifies the chore of 


document 
formatting. 
Automatic 
carriage 
return 
insertion 
means you can focus on the 
content of what you are typing instead of how 
close you are to the edge of the screen. 


SERVICE, SUPPORT, AND 
TRAINING 
Intel augments 
its development 
tools with a 


full array of seminars, 
classes, and workshops; 


on-site consulting 
services; field application 
engineering 
expertise; 
telephone 
hot-line 
support; and software and hardware 
maintenance 
contracts. 
This full line of 
services will ensure your design success. 


HOST SYSTEM 


AEDIT for PC-DOS has been designed to run 
on the IBM' PC XT, IBM PC AT, and 
compatibles. 
It has been tested and evaluated 


for the PC-DOS 3.0 or greater 
operating 
system. 


Versions of AEDIT are available 
for the 


iRMXTM-86 and iRMX 11Operating 
System. 


ORDERING INFORMATION 
D86EDINL 
AEDIT Source Code Editor 
Release 2.2 for PC-DOS with 
supporting 
documentation 


AEDIT-DOS Users Guide 


AEDIT-DOS Pocket 
Reference 


RMX864WSU 
AEDIT for iRMX I Operating 
System 


R286EDI286EU 
AEDIT for iRMX II/III 
Operating 
System 


122716 


122721 
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INTEL iC-86/286 C COMPILER 


INTEL iC-86/286 COMPILER 
The Intel iC-86/286 compiler is the C compiler to use for 8086/186/286 
embedded 
microprocessor 
designs. In addition to outstanding 
execution 
speed, Intel's iC-86/286 
compiler generates 
compact, efficient code which can be easily loaded into ROM-based 
systems. The iC-86/286 compiler is also fully supported 
by the Intel DB86 windowed 
source-level software debugger and in-circuit 
emulation 
tools. 


iC-86/286 COMPILER FEATURES 


• Optimized for embedded systems 
• Built-in functions 
for automatic 
machine 
code generation 
• ROMable code and libraries 
• Integrated 
debugging with Intel ICETM 
andI2ICETM 
• Compliance 
with draft ANSI standard 
• Supports 
Small, Medium, Compact, and 
Large memory models 
• PL/M compatible 
subsystems 


• Selector data type support 
• Linkable with other Intel8086/286 
languages 
such as ASM and PL/M 
• ROMable and reentrant 
libraries 
• Ability to mix memory models with 
"near" 
and "far" pointers 
• C and PL/M calling conventions 
for 
compatibility 
with PL/M and other C 
programs 
• iRMX(8)interface 
libraries 
included 


ICETM, iRMXTM, 386TM, iPATrM, 
and 12iCETM are trademarks 
oflntel 
Corporation. 
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FEATURES 


BUILT-IN FUNCTIONS 


The iC-86/286 compiler features 
more than 35 
processor-specific 
functions 
that directly 
generate 
machine code within 'the C language. 


Built-in functions 
eliminate 
the need for in- 
line assembly language 
coding or making calls 
to assembly functions. 
This increases 
code 
performance 
and reduces programming 
time. 


With built-ins you can enable or disable 
interrupts 
and directly control hardware 
110 
without having to exit C for assembler. 
This 
means you can write high performance 
software for real time applications 
without 
having to keep track of every architectural 
detail, as you would in assembly language. 
For 
example, to generate 
an INT instruction, 
you 
simply type: 
cause interrupt 
(number) 
Or, the following iC-86 instruction 
will cause 


the processor to come to a halt with interrupts 
enabled: 


halt 
( ) 


EMBEDDED COMPONENT 
SUPPORT 
iC-86/286 compiler was designed specifically 
for embedded microprocessor 
applications. 
It 
produces ROMable code which can be loaded 
directly into target systems via Intel ICE 
emulators 
and debugged without 
modification 
for fast, easy, development 
and debugging. 


HIGHLY OPTIMIZED 


The iC-86/286 compiler has four levels of 
optimization 
for tailoring 
performance 
to your 
application. 
Important 
optimization 
features 


include a jump optimizer and improved 
register 
manipulation 
ueing register 
history. 


RUN-TIME SUPPORT 


Run-time 
libraries 
for the iC-86/286 compiler 
are designed for use in many environments. 
Both DOS and iRMX interface 
libraries 
are 


included so programs 
executing 
on those 
systems can take advantage 
of operating 
system features. 
The interface 
libraries 
conform to the ANSI standard. 
They also meet 
the mEE standard 
POSIX interface 
so you can 
easily retarget 
the libraries 
for use in 
applications 
that do not run on DOS or iRMX. 


The libraries 
are completely 
ROMable and re- 


entrant 
making it easy to adapt them for 
embedded, multi-tasking 
or real-time 
applications. 


Both the DOS and iRMX-I operating 
system 
interface 
libraries 
are provided with iC-86 
hosted on DOS. The iRMX-I hosted version of 
iC-86 includes the iRMX interface 
libraries 
only. 


iC-286 compiler includes iRMX-ll interface 
libraries 
only. 


INTEGRATED DEBUG TOOLS 


The iC-86/286 compiler is part of a completely 
integrated 
set of development 
tools from Intel 
(Figure 1). 


Code output from the compiler can be easily 
linked with modules written 
in assembler 
and 
high-level languages, 
such as PL/M, Fortran, 
andPasca1. 


Linked modules and programs 
can be 
debugged ueing Intel's DB86 windowed source- 
level software debugger. The debugger uees an 
advanced 
interface 
with windows and pull- 
down menue for the ultimate 
in debug 
productivity. 
Watch windows can be opened to 
observe changing 
program 
variables 
and 
processor registers. 
You can readily switch 
between program 
modules and view the calling 
sequence and call stack. 
Naturally 
code generated 
by iC-86/286 works 
completely 
with Intel's 12ICE, ICE-186, ICE- 


286 and ICE-386 family of in-circuit 
emulators 
as well as the iPAT(tm) performance 
analysis 
tool. This complete set of tools gives you the 
power to quickly debug, test, integrate 
and 
optimize your application 
code for the target 
system. 
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Figure 
1: The Application 
Development 
Process 
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SERVICE AND SUPPORT 
Intel's development 
tools are backed by our 
worldwide service and support organization 
dedicated 
to solving any problems encountered 
by our customers. 
Several hardware 
and 


SPECIFICATIONS 


software service programs 
are available 
which 
include hotline support, consulting, 
training, 


technical 
newsletters, 
bulletin 
boards and 
other services. The iC-86/286 compiler 
includes 90 days of software support under 
warranty. 


ENVIRONMENT 


Hardware 
OOS Version: 
Requirements 


Media 


IBM PC XT or AT 
(or 100% 
Compatible) running 
OOS 3.1 or greater. 


iRMX-I system for 
iC-86 
iRMX-II system for 
iC-286 


256KB 


374KB 


5'1." DS/DD 
Diskettes 


3'12' DS/DD 
Diskettes 


iRMX Version: 
DS/DD iRMX 
Standard 
Format 


iRMX Version: 


Memory 
OOS Version: 


Requirements 
iRMX Version: 


OOS Version: 


STANDARDS 
iC-86/286 conforms to the X3Jll 
ANSI draft 
proposal for the C programming 
language. 
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SPECIFICATIONS 


ORDERING INFORMATION 
Order 
Code 
D86C86NL 
D86C286NL 
R86C86 
R286C286 


Host 
Environment 


008 
008 
iRMX-I 
iRMX-II 


Target 
Code 
8086/186 
80286 
8086/186 
80286 


Other programming 
tools: 
Host 
Order Code 
Environment 


D86PAK86NL 
008 


D86ASM86KIT 
008 


D86ASM286NL 
008 
R86ASM86 
iRMX-I 


R286ASM286 
iRMX-II 


RMXII8FTSCP 
iRMX-II 
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Description 
8086/186 
Assembler, 
DB86 
Debugger, Utilities 
AEDIT text editor 
8086/186 
Assembler, 
DB86 
Debugger, Utilities 
80286 Assembler 
8086/186 
Assembler, 
Utilities 
80286 Assembler, 
Utilities 
80286 Soft..Scope 
Debugger • 


INTEL 
ICETM-186 AND ICE-188 
IN-CIRCUIT 
EMULATORS 


280726-1 


HIGH PERFORMANCE 
REAL-TIME 
EMULATION 


The Intel ICETM-186 and ICETM-l88 emulators 
deliver reliable 
16 MHz real-time 
emulation 
for the 8OC186 and 8OC188 microprocessors. 
The 8OC186 and 8OC188 
embedded processors are based on the new 8OC186 modular 
CPU core with fully-static 
design. The in-circuit 
emulators 
are a versatile 
and efficient tool for developing, 
debugging and testing products designed with Intel microprocessors. 
The ICE-186/188 
has many productivity 
boosting features 
to help you get your products to market 
as 
quickly as possible. The contemporary 
windowed human 
interface, 
symbolic source-level 
debug, 3K frames of dynamic trace display and the powerful conditional 
break 
capabilities 
are standard 
on the ICE-186/188 
emulator. 
Intel, the inventor 
of the 8OC186 
and 8OC188 microprocessors, 
has the most complete line of development 
tools from a 
single vendor to meet all of your development 
needs. Our language 
development 
tools 
portfolio includes the assembler, 
software debugger DB-86, C, PL/M, 
PASCAL and 
FORTRAN, all designed to work with the ICE-186/188 emulator 
to meet your embedded 
design needs. 
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FEATURES 


ICETM-186/188FEATURES 


• Reliable Full Speed Emulation 
up to 16 MHz 
• 3K Frames Dynamic Trace Buffer can be 
displayed without 
stopping emulation 
• Optional 
128K, 512K or 1 Mbyte of Zero 
Wait-State 
Mapped Memory 
• 8OC187 Numeric 
Coprocessor Support 
• High Speed RS-232-C and GPIB 
Communication 
Link 
• Crystal Power Accessory for Software 
Development 
• Interface 
for Intel Performance 
Analysis 
Tool (iPATTM) and Logic Analyzer 
• Emulation 
and ONCETM Mode Support for 
QFP and PLCC Packages 
• Windowed Human 
Interface 
with Mouse 
Support 
• Source Level Debug with effective Source 
Window and Watch Window Operations 
• Powerful Go Command with two-level 
breakpoints, 
event counters 
and single 
stepping capability 
• High-Level Language 
Symbolic Debug 
• Tutorial 
Software to Speed Up Learning 
Curve 
• Complete Intel Service and Support 


SOFTWARE PERFORMANCE 
ANALYSIS 
Intel's Performance 
Analysis Tool (iPAT) is 
designed to increase the team productivity 
with features 
such as interrupt 
latency 
measurement, 
code coverage analysis and 
software module timing analysis. The 
emulator 
provides an. external 
connector 
for 
the iP AT tool. These features 
enable the user 
to design reliable, high performance 
embedded 
control products. 


BUILT-IN SUPPORT FOR LOGIC 
ANALYZERS 


General 
purpose logic analyzers 
can be used 
with the ICE-186/188 emulator 
to provide 
detailed timing of specific events. The 
emulator 
has an external 
sync signal to trigger 
the logic analyzer, 
making complex event 
triggering 
easy. An additional 
60 pin connector 
is included to support the logic analyzer. 


SOFTWARE CARROUSEL 


To address the need of switching 
among 
different 
development 
tools, such as editing, 
recompilation 
and linking with minimum 
interruptions, 
the Software Carrousel 
package 
is included. It provides an environment 
which 
allows up to eleven other programs 
to be 
accessible while running 
the emulator 
software. By pressing a pair of keys, the 
current 
program 
environment 
is preserved 
and 
a different 
application 
environment 
is ready. 


WORLDWIDE SERVICE, 
SUPPORT, AND TRAINING 


To augment 
its development 
tools, Intel offers 
a full array of seminars, 
classes, and works, 
field application 
engineering 
expertise, 
hotline 
technical 
support and on-site service. 


Intel also offers a Software Support package 
which includes technical 
software information, 
telephone 
support, automatic 
distribution 
of 
software and documentation 
updates, 
access to 
the "Tool Talk" electronic 
bulletin 
board, 
iComments 
publication, 
remote diagnostic 
software, and a development 
tools 
troubleshooting 
guide. 


Intel's Hardware 
Support package includes 
technical 
hardware 
information, 
telephone 
support, warranty 
on parts, labor, material, 


and on-site support. 
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SPECIFICATIONS 


PERSONAL COMPUTER 
REQUIREMENTS 


The ICE-186/188 emulator 
is hosted on an IBM 
PC AT platform 
or IBM PS/2. The emulator 
has been tested and evaluated 
on an IBM PC 
AT. The PC AT must meet the following 
minimum 
requirements: 
• 640 KBytes of Memory 
• An additional 
1 MByte of expanded 
memory, 
recommending 
an Above Board managed by 
emm.sys driver. Other memory managers 
conforming 
to the Lotus/lntellMicrosoft 
Expanded 
Memory Specification 
Version 3.2 
or later are available. 


• One 20 MByte Hard Disk 
• PC DOS 3.2 or Later 
• A serial Port (COM1 or COM2) supporting 
minimally 
at 9600 Baud Data Transfers, 
or a 
National 
Instruments 
GPIB-PC2A board 
• Math coprocessor 


ORDERING INFORMATION 
ICE186LP 
ICE-186 16 MHz system, 
includes control unit, PLCC 
probe, power supply, 
emulator 
s/w, Software 
Carousel, CPA adaptor 
and 
ONCE adaptor 


ICE186LQ 
ICE-186 16MHz system, 
includes control unit, QFP 
probe, power supply, 
emulator 
s/w, Software 
Carousel, CPA adaptor 


·European customers only 


ICE-l88 16 MHz System, 
includes control unit, PLCC 
probe, power supply, 
emulator 
s/w, Software 
Carousel, CPA adaptor 
and 


ONCE adaptor 
ICE-l88 16MHz system, 
includes control unit, QFP 
probe, power supply, 
emulator 
s/w, Software 
Carousel, CPA adaptor 


The above order codes must order a memory 
option 


MEM128 


MEM512 


MEM1MB 


UP186LP 


UP186LQ 


UP188LP 


UP188LQ 


HC18XLP 


HC18XLQ 


D86ASM86KIT 


ICEl88LP 


ICEl88LQ 


128 Kbytes map memory 


512 Kbytes map memory 


1 Mbytes map memory 


ICE-186 PLCC Probe 


ICE-l86 QFP Probe 


ICE-l88 PLCC Probe 


ICE-188 QFP Probe 


PLCC hinge cable 
QFP hinge cable 
Assembler, 
Link-86, Loc-86, 


Lib 86, cross reference 
utility, 


OH-86, nurnerics 
support, 
software debugger, hosted on 
PC DOS 3.0 or higher 


C-86 compiler for PC DOS 3.0 
or higher 


D86PLM86NL 
PL/M-86 compiler for PC 
DOS 3.0 or higher 


D86PAS86NL 
PASCAL-86 compiler for PC 
DOS 3.0 or higher 


D86FOR86NL 
FORTRAN-86 compiler for 
PC DOS 3.0 or higher 


·D86ASM86NL 
ASM-86 Macro Assembler 


D86C86NL 


2-24 


, 


INTEL 
ICETM-186EB AND ICE-188EB 
IN-CIRCUIT 
EMULATORS 


I 


HIGH PERFORMANCE 
REAL-TIME 
EMULATION 


The Intel ICETM-186EB and ICETM-188EB emulators 
deliver reliable 
16 MHz real-time 
emulation 
for the 8OC186EB and 8OC188EB microprocessors. 
The in-circuit 
emulators 
are 
a versatile 
and efficient tool for developing, debugging and testing products designed with 
Intel microprocessors. 
The ICE-186EB/188EB 
has many productivity 
boosting features 
to 
help you get your products to market 
as quickly as possible. The contemporary 
windowed 
human 
interface, 
symbolic source-level debug, 3K frames of dynamic trace display and 
the powerful conditional 
break capabilities 
are standard 
on the ICE-186EB/188EB 
emulator. 
Intel, the inventor 
of the 8OC186EB and 8OC188EB microprocessors, 
has the 
most complete line of development 
tools from a single vendor to meet all of your 
development 
needs. Our language 
development 
tools portfolio includes the assembler, 
software debugger DB-86, C, PL/M, PASCAL and FORTRAN, all designed to work with 
the ICE-186EB/188EB 
emulator 
to meet your embedded design needs. 


ICETM-186EB/188EB 
FEATURES 


• Reliable Full Speed Emulation 
up to 16 
MHz 
• 3K Frames 
Dynamic Trace Buffer can be 
displayed without 
stopping emulation 
• Optional 
128K, 512K or 1 Mbytes of Zero 
Wait-State 
Mapped Memory" 
• 8OC187 Numeric 
Coprocessor Support 
• High Speed RS-232-C and GPIB 
Communication 
Link 
• Crystal Power Accessory for Software 
Development 
• Interface 
for Intel Performance 
Analysis 
Tool (iPATTM) and Logic Analyzer 


• Emulation 
and ONCETM Mode Support 
for QFP and PLCC Packages 
• Windowed Human 
Interface 
with Mouse 
Support 
• Source Level Debug with effective Source 
Window and Watch Window Operations 
• Powerful Go Command with two-level 
breakpoints, 
event counters 
and single 


stepping capability 
• High-Level Language 
Symbolic Debug 
• Tutorial 
Software to Speed Up Learning 
Curve 
• Complete Intel Service and Support 


• Available 
in Ql '91 
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FEATURES 


This is also a useful tool for automated 
manufacturing 
testing and debug. 
RELIABLE HIGH SPEED 
EMULATION 


The ICE-186EB/I88EB 
emulator 
uses superior 
Intel component 
bondout and advanced cable 
technology 
to ensure accuracy of emulation. 


Accurate 
timing is a critical factor in today's 
16 MHz designs. 


The emulator 
is designed to support low power 
application 
needs. The probe supports 
true 
CMOS voltage inputs/outputs 
and has low 
power current 
draw. There is no power 
consumption 
difference between using the 
emulator 
or the actual component. 
The ICE- 


186EB/I88EB 
also supports 
the debugging of 
target systems with 8OC187 numeric 
coprocessor. 


WINDOWED HUMAN 
INTERFACE 
The windowed interface 
increases 
productivity 
for both expert and casual users. Multiple 
windows can simultaneously 
provide source 
code, watch variables, 
memory, registers 
and 
trace information. 
Breakpoints 
can be set" 


directly on the source code. The source window 
is automatically 
updated when the emulator 
completes a breakpoint 
or a single stepping 
operation. 
The user can program 
the watch 
windows to track up to ten program 
variables. 
The data displayed in the windows is 
automatically 
updated while executing 
and 
debugging code. Pull down menus offer a set of 
common emulator 
commands, 
making it easier 
to configure the debug environment. 


PRODUCTIVE EVENT MONITOR 
CAPABILITY 


With higher integration 
of the GO command, 
event recognition, 
and emulator 
action, 
complex logic debug is easy and efficient. 
Breakpoint 
events can be detected on 
execution 
addresses 
and/ or bus addresses 
and/ 
or bus access types such as memory or I/O 
reads or writes. Address and data specification 
can be based on single value, range and don't 
cares. A flexible single step command allows 
the user to execute one machine-level 
or one 
high-level instruction 
at a time. 


All the emulator 
commands 
can be 
programmed 
with a set of macro commands 
and can be included in a procedure 
for 
repeated 
debug sessions. The combined use of 
the event monitor and the macro programming 
feature 
can speed up the application 
debug. 


PROBLEM TRACKING 
THROUGH DYNAMIC TRACE 
BUFFER 


The emulator 
can display up to 3,072 frames of 
processor activity, including both the 
execution 
and data bus activity. The 
information 
collected in real time provides 
valuable 
reference 
for tracking 
down 
problems. Users can view the trace buffer or 
modify the trace conditions at any time 
without 
stopping the emulation. 
The trace 
buffer can be displayed in either instruction 
or 
the cycle mode. 


SOFTWARE DEBUG WITHOUTA 
PROTOTYPE 
Software developers often are required 
to 
debug application 
code before the functional 
prototypes 
are available. 
The Crystal Power 
Accessory (CPA) with the emulator 
map 
memory provides a complete target 
environment 
for debugging software modules 
that do not require timer and hardware 
interrupt 
support. The CPA is also used to run 
the emulator 
confidence tests. 


The ICE-186EB/188EB 
provides up to 1 MB of 
zero wait-state 
memory. This memory can be 
used instead of target memory for code 
debugging. It is addressable 
in 32 Kbyte 
increments. 
The emulator 
can also be used to 
support simulated 
110 ports, addressable 
in 4 
Kbyte increments. 


INTEGRATED HIGH LEVEL 
LANGUAGE SUPPORT 


The ICE-186EB/188EB 
emulator 
is designed to 
support all INTEL software products. 
Intel's 
comprehensive 
language 
development 
tools 
include assembler, 
ANSI C, PL/M, PASCAL 
and FORTRAN compilers. These software tools 
were designed to take advantage 
of the 
component 
architecture 
and specifically 
support embedded applications. 
Symbols from 
the source code can be directly used in your 
ICE debug sessions. The ICE source window 
can display the source code in the original 
language 
used to produce the object code. This 
integrated 
emulator 
and language 
development 
environment 
allows designers 
to 
focus on the development 
process. 
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FAST BREAK SUPPORT 


The fastbreak 
feature 
is used when there is a 
need to interrogate 
the current 
execution 
status without 
halting 
the emulator 
for 
extended periods of time. The fastbreak 
has a 
maximum 
break period of 5625 clock cycles. 
The requested 
information 
can be stored in the 
trace buffer for later reference. 


PRESERVE DRAM CONTENTS 


The ICE-186EB/188EB 
continues 
DRAM 
refresh signals even when the emulator 
has 
been halted, thus ensuring 
DRAM memory is 
not lost or corrupted. 
During the interrogation 
mode the emulator 
will keep the timer 
functioning 
and will correctly respond to 


interrupts 
in real-time. 


MULTIPLE HIGH SPEED 
COMMUNICATION LINKS 


Two communication 
links are available 
for use 
in conjunction 
with the IBM PC AT host. The 
emulator 
can use an RS-232-C serial link with 
a transfer 
rate up to 57.6 Kbyte per second. A 
user supplied National 
Instruments 
(IEEE-488) 
GPIB communication 
board will provide 
parallel 
transfers 
at rates up to 300 Kbytes per 
second. 


SOFTWARE PERFORMANCE 
ANALYSIS 


Intel's Performance 
Analysis Tool (iPAT) is 
designed to increase the team productivity 
with features 
such as interrupt 
latency 
measurement, 
code coverage analysis and 
software module timing analysis. The 
emulator 
provides an external 
connector for 
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, 


the iP AT tool. These features 
enable the user 
to design reliable, high performance 
embedded 
control products. 


BUILT-IN SUPPORT FOR LOGIC 
ANALYZERS 


General 
purpose logic analyzers 
can be used 
with the ICE-186EB/188EB 
emulator 
to 
provide detailed timing of specific events. The 
emulator 
has an external 
sync signal to trigger 
the logic analyzer, 
making complex event 
triggering 
easy. An additional 
60 pin connector 
is included to support the logic analyzer. 


SOFTWARE CAROUSEL 


To address the need of switching 
among 
different 
development 
tools, such as editing, 
recompilation 
and linking with minimum 
interruptions, 
the Software Carousel package 
is included. It provides an environment 
which 
allows up to eleven other programs 
to be 
accessible while running 
the emulator 
software. By pressing a pair of keys, the 
current 
program 
environment 
is preserved 
and 
a different 
application 
environment 
is ready. 


WORLDWIDE SERVICE, 
SUPPORT, AND TRAINING 


To augment 
its development 
tools, Intel offers 
a full array of seminars, 
classes, and 
workshops. 
In addition, on-site consulting 
services, field application 
engineering 
expertise, 
telephone 
hotline support and 
software and hardware 
maintenance 
contracts 
are available 
to help assure your design 
success, as well as electronic 
bulletin 
boards 
and other services. 


PERSONAL COMPUTER 
REQUIREMENTS 


The ICE-186EB/188EB 
emulator 
is hosted on 
an IBM PC AT platform 
or IBM PS/2. The 
emulator 
has been tested and evaluated 
on an 
IBM PC AT. The PC AT must meet the 
following minimum 
requirements: 


• 640 KBytes of Memory 


• An additional 
1 MBytes of expanded 
memory, recommending 
an Above Board 
managed by emm.sys driver. Other memory 
managers 
conforming 
to the Lotus/Intel/ 
Microsoft Expanded 
Memory Specification 
Version 3.2 or later are available. 
• One 20 MBytes Hard Disk 
• PC DOS 3.2 or Later 
• A serial Port (COMl or COM2) supporting 
minimally 
at 9600 Baud Data Transfers, 
or a 
National 
Instruments 
GPIB-PC2A board 
• Math coprocessor 
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PHYSICAL 
DESCRIPTION 
AND CHARACTERISTICS 


The ICE-186EB/188EB 
Emulator 
consists of the following components: 
Table 1Emulator's Physical Characteristics 


Width 
Height 
Length 
Unit 
In. 
em 
In. 
Cm 
In. 
Cm 


Emulator 
Control Unit 
10.4 
26.4 
1.7 
4.3 
20.7 
52.6 
Power Supply 
7.7 
19.6 
4.1 
10.4 
11.0 
27.9 
User Probe 
3.7 
9.4 
.65 
1.6 
7.0 
17.8 
User Probe Adapter 
Cable 
3.4 
8.6 
Crystal Power Accessory 
4.30 
10.9 
.60 
1.5 
6.7 
17.0 
Serial Cable 
144.0 
366.0 


ICETM_186EB/188EB AC SPECIFICATIONS 
Table 2ICETM·186EBI188EBAC Specifications 


Timing 
Requirements 


Symbol 
Parameter 
Component 
ICE 
, 
Min 
Max 
Typical 


TnvCL 
Data in Setup (AID) . 
IOnS 
19n5 
TCLDX 
Data in Hold (AID) 
0 
-2 
TSRYCL 
Synchronous 
Ready (READY) Transition 
Setup Time 
10 
10 
TCLSRY 
READY Transition 
Hold Time 
, 
0 
0 
THVCL 
HOLD Setup 


i' 
10 
24 
TCLHV 
HOLD Hold 
0 
0 
TINVCH 
NMITEST# 
10 
15 
INTR, TIMERIN Setup Time 
10 
10 
TCHINV 
NMITEST# 
0 
0 
INTR, TIMERIN Hold Time 
0 
0 
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Table 2 (Continued) 


'\ 
Output 
Delays 


Symbol 
Parameter 
CPU 
Emulator 
Min 
Max 
Min 
Max 


TCHOVl 
ALE, S2:0iF, DENiF, 
DT/RiF 
3nS 
20nS 
3nS 
20nS 
TCHOV2 
GCS7:0iF, LCSiF, UCSiF, NCSiF 
3 
25 
3 
25 
TCLOVl 
BHEiF, DENiF, 
LOCKiF, RESOUT, 
3 
20 
3 
20 
HLDA TOOUT, TlOUT A19:16 
TCLOV2 
RDiF, WRiF, GCS7:0iF, LCSiF, UCSiF, 
3 
25 
3 
25 
NCSiF,INTAl:0iF 
TCLADV 
AD15:0 
3 
25 
6 
34 
TCHOF 
RDiF, WRiF, BHEiF, DT/RiF, 
LOCKiF, 
0 
25 
0 
25 
S2:0iF,A19:16 
TCLOF 
DEN if 
0 
25 
0 
25 
TCLADF 
AD15:0 
0 
25 
3 
34 


Clkin 
Requirements 


Symbol 
Parameter 
CPU 
Emulator 
Min 
Max 
Min 
Max 


Tc 
CLKIN Period 
31.25nS 
ex> 
31.25nS 
ex> * 


TCKHL 
CLKIN Fall Time 
0 
8 
0 
8 
TCKLH 
CLKIN Rise Time 
0 
8 
0 
8 
TCLCK 
CLKIN Low Time 
20 
ex> 
20 
ex> * 


TCHCK 
CLKIN High Time 
20 
ex> 
20 
ex> * 


Clkout 
Timing 


TCICO 
CLKIN to CLKOUT Skew 
OnS 
15nS 
OnS 
15nS 
TCLCL 
CLKOUT Period 
2*Tc 
2*TC 
TCLCH 
CLKOUT Low Time 
(T/2)-5 
(T/2)+5 
(T/2)-5 
(T/2)+5 
TCHCL 
CLKOUT High Time 
(TI2)-5 
(T/2) + 5 
(T/2)-5 
(T/2)+5 
TCHICH2 
CLKOUT Rise Time 
1 
6 
1 
6 
TCL2CLl 
CLKOUT Fall Time 
1 
6 
1 
6 
.. 
'Emulator 
will acknowledge 
condition with a "clock lost" error message 
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ICETM_186EB/188EB DC SPECIFICATIONS 


Table 3 lists the DC input specifications 
at the ICE-l86EB user probe. 


Table 3ICETM·186EBI188EB DC Input Specifications 


CPU 
Emulator 
Parameter 
Signals 
Max 
Min 
Max 
Min 


VIL 
All (except CLKIN, HOLD, RESIN$4# 
.3"VCC 
-.5 
.3"VCC 
-.5 
andNMI) 
VIL 
HOLD, RESIN # and NMI 
.3"VCC 
-.5 
.8 
-.5 
VIL 
CLKIN 
.2"VCC 
-.3 
.2"VCC 
-.3 
VIR 
All (except CLKIN, HOLD, RESIN # and 
VCC+·5 
.7"VCC 
Vcc+·5 
.7"VcC 
NMI) 
VIR 
HOLD, RESIN # and NMI 
VCC+·5 
.7"VCC 
7.0 
2.0 
VIR 
CLKIN 
VCC+·3 
.8"VCC 
Vcc+·3 
.8"Vcc 
IlL 
All (except HOLD, RESIN #, NMI, 
±15uA 
±15uA 
Al9:l6 
and LOCK #) 


IlL 
HOLD, RESIN #, NMI 
±15uA 
-.6mA 
IlL 
A19:l6 and LOCK # 
-2mA 
-2mA 


Table 4 lists the DC output specifications 
at the ICE-186EB user probe. 
Table 4 ICETM·186EBI188EB DC Output Specifications 


Parameter 
Signals 
CPU 
Emulator 
Max 
Min 
Max 
Min 


VOH 
All (except AD15:0) 
Vcc-·5 
Vcc-·5 
VOH 
AD15:0 
VCC-·5 
3.94 
VOL 
All (except AD15:0) 
.45 
.45 


VOL 
AD15:0 
.45 
.44 


IOH 
All (except AD15:0) 
-2mA 
-2mA 
IOH 
AD15:0 
-2mA 
-24mA 
IoL 
All (except AD15:0) 
5mA 
5mA 
IOL 
AD15:0 
5mA 
24mA 
, 
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Table 5 lists the DC specifications 
for the ISYNCH and OSYNCH lines. 


Table 5DC Specifications for ISYNCH and OSYNCH 


Symbol 
Parameter 
Min 
Max 
Notes 


ISYNCHIIL 
Input Low current 
2.6mA 
Vi=0.5V 
ISYNCHIrn 
Input High current 
-100uA 
Vi=2.7V 
OSYNCVOL 
Output Low voltage 
0.5V 
Ioi=15mA 
OSYNCHVOH 
Output High voltage 
2.7V 
Ioh= 
-0.25mA 


Table D-6 lists the DC power requirements 
at 
the ICE-186EB user probe. 


Table 6Probe Power Specifications 


Symbol 
Parameter 
Min 
Max 


VCC 
Supply Voltage 
4.75 
5.25 
Ice 
Supply Current 
90mA 


ORDERING INFORMATION 


ICE186EBP 
ICE-186EB 16 MHz system, 
includes control unit, PLCC 
probe, power supply, emulator 
s/w, Software Carousel, CPA 
adaptor 
and ONCE adaptor 


ICE186EBQ 
ICE-186EB 16 MHz system, 
includes control unit, QFP 
probe, power supply, emulator 
. s/w, Software Carousel, CPA 
adaptor 


ICE188EBP 
ICE-188EB 16 MHz System, 
includes control unit, PLCC 
probe, power supply, emulator 
s/w, Software Carousel, CPA 
adaptor 
and ONCE adaptor 
ICE188EBQ 
/ICE-188EB 16 MHz system, 
includes control unit, QFP 
probe, power supply, emulator 
s/w, Software Carousel, CPA 
adaptor 


The above order codes must order a memory 
option 


MEM128 
128 Kbytes map memory 


MEM512 
512 Kbytes map memory 


MEM1MB 
1 Mbytes map memory 


D86ASM86KIT 
Assembler, 
Link-86, Loc-86, 
Lib 86, cross reference 
utility, 


OH-86, numerics 
support, 
software debugger, hosted on 
PC OOS 3.0 or higher 


D86C86NL 
C-86 compiler for PC OOS 3.0 
or higher 


D86PLM86NL 
PL/M-86 compiler for PC OOS 
3.0 or higher 


D86PAS86NL 
PASCAL-86 compiler for PC 
DOS 3.0 or higher 


D86FOR86NL 
FORTRAN-86 compiler for PC 
OOS 3.0 or higher 


°D86ASM86NL 
ASM-86 Macro Assembler 
"European customers 
only 
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INTRODUCTION 


This chapter provides an overview of the lntel 80960KB processor (which is part of the 80960K 
series of embedded-processor 
products). 


All of the processors in the 80960K series of products are based on the lntel 80960 architecture. 
Most of the information 
in this overview 
also applies to the 80960KA 
processor. 
The only 
difference between the 80960KB and 80960KA processors is that the 80960KA does not provide 
on-chip support for floating-point operations or operations on decimal numbers. 


OVERVIEW OF THE 80960KB ARCHITECTURE 


The 80960KB processor introduced the 80960 architecture - a new 32-bit architecture from Intel. 
This architecture has been designed to meet the needs of embedded applications such as machine 
control, robotics, process control, avionics, and instrumentation. 


The 80960 architecture 
can best be characterized 
as a high-performance 
computing 
engine. It 
features high-speed instruction execution and ease of programming. 
It is also easily extensible, 
allowing processors and controllers based on this architecture to be conveniently 
customized to 
meet the needs of specific processing and control applications. 


The following are some of the important attributes of the 80960 architecture: 


• 
Full 32-bit registers 


• 
High-speed, pipelined instruction execution 


• 
A convenient 
program 
execution 
environment 
with 32 general-purpose 
registers 
and a 
versatile set of special-function registers 


• 
A highly 
optimized 
procedure 
call mechanism 
that features 
on-chip 
caching 
of local 
variables and parameters 


• 
Extensive facilities for handling interrupts and faults 


• 
Extensive tracing facilities to support efficient program debugging and monitoring 


• 
Register 
scoreboarding 
and write buffering 
to permit efficient operation 
when used with 
lower performance memory subsystems. 


OVERVIEW OF THE SINGLE PROCESSOR 
SYSTEM ARCHITECTURE 


The central processing 
module, memory module, and I/O module form the natural boundaries 
for the hardware system architecture. The modules are connected together by the high bandwidth 
32-bit multiplexed L-bus, which can transfer data at a maximum sustained rate of 53M bytes per 
second for an 80960 processor operating at 20 MHz. 
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Figure 1 shows a simplified block diagram of one possible system configuration. The heart of this 
system is the 80960KB processor, which fetches instructions, executes code, manipulates stored 
information, 
and interacts with I/O devices. The high bandwidth L-bus connects the 80960KB 
processor to memory and I/O modules. The 80960KB processor stores system data, instructions, 
and programs in the memory module. By accessing various peripheral devices in the I/O module, 
the 80960KB processor supports communication 
to terminals, modems, printers, disks, and other 
I/O devices. 


80960KB Processor and the L-Bus 


The 80960KB processor performs bus operations using multiplexed address and data signals, and 
provides all the necessary control signals. For example, standard control signals, such as Address 
Latch Enable (ALE), Address/Data Status (ADS), Write/Read Command (W/ R), Data Transmit! 
Receive (DT/ R), and Data Enable (DEN), are provided by the 80960KB. processor. The 80960 
processor also generates byte enable signals that specify which bytes on the 32-bit data lines are 
valid for the transfer. 


Figure 1. Basic 80960MC 
System 
Configuration 
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The L-bus supports burst transactions, which access up to four data words at a maximum rate of 
one word per clock cycle. The 80960KB 
processor 
uses the two low-order 
address 
lines to 


indicate 
how many words 
are to be transferred. 
The 80960KB 
processor 
performs 
burst 


transactions 
to load the on-chip 512-byte instruction 
cache to minimize memory accesses for 


instruction fetches. Burst transactions can also be used for data access. 


To transfer control of the bus to an extemal bus master, the 80960KB provides two arbitration 
signals: 
hold request 
(HOLD) 
and hold acknowledge 
(HLDA). 
After receiving 
HOLD, 
the 


processor grants control of the bus to an external master by asserting HLDA. 


The 80960KB 
processor 
provides a flexible interrupt 
structure by using an on-chip interrupt 


controller, an external interrupt controller, or both. The type of interrupt structure is specified by 
an internal interrupt vector register. For a system with multiple processors, 
another method is 


available, 
called inter-agent 
communication 
(lAC) where a processor 
can interrupt 
another 


processor by sending an lAC message. 


Memory Module 


A memory 
module can consist of a memory 
controller, 
Erasable 
Programmable 
Read Only 


Memory 
(EPROM), 
and static or dynamic 
Random 
Access Memory 
(RAM). 
The memory 


controller first conditions the L-bus signals "for memory operation. It demultiplexes 
the address 


and data lines, generates the chip select signals from the address, detects the start of the cycle for 
burst mode operation, and latches the byte enable signals. 


The memory 
controller 
generates 
the control 
signals 
for EPROM, 
SRAM. 
and DRAM. 


Specifically, it provides the control signals, multiplexed row/column address, and refresh control 
for dynamic RAMs. The controller can be designed to accommodate 
the burst transaction of the 


80960KB processor by using the static column mode or nibble mode features of the dynamic 
RAM. In addition 
to supplying 
the operational 
signals, the controller 
generates 
the READY 
signal to indicate that data can be transferred to or from the 80960KB processor. 


The 80960KB processor directly addresses up to 4G bytes of physical memory. The processor 
does not allow burst accesses to cross a 16-byte boundary, to ease the design of the controller. 
Each address specifies 
a four-byte 
data word within the block. Individual 
data bytes can be 


accessed by using the four byte-enable signals from the 80960KB processor. Chapter 5 provides 
design guidelines for the memory controller. 


VO Module 


The 110 module consists of the 110 components and the. interface circuit. 110 components can be 
used to allow the 80960KB 
processor 
to use most of its clock cycles for computational 
and 
system management activities. Time consuming tasks can be off-loaded to specialized slave-type 
components, 
such as the 8259A Programmable 
Interrupt 
Controller 
or the 82530 
Serial 


Communication 
Controller. Some tasks may require a master-type component, such as the 82586 


Local Area Network Control. 
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The interface 
circuit performs 
several functions. 
It demultiplexes 
the address and data lines, 
generates the chip select signals from the address, produces the 110 read or 110 write command 
from the processor's 
WfR signal, latches the byte enable signals, and generates 
the READY 
signals. Since some of these functions are identical to those of the memory controller, the same 
logic can be used for both interfaces. For master-type peripherals that operate on a lfi-bit data 
bus, the interface circuit translates the 32-bit data bus to a 16-bit data bus. 


The 80960KB processor uses memory-mapped 
addresses to access 110 devices. This allows the 
CPU to use many of the same instructions 
to exchange 
information 
for both memory 
and 
peripheral devices. Thus, the powerful memory-type instructions can be used to perform 8-, 16-, 
and 32-bit data transfers. 


HIGH PERFORMANCE 
PROGRAM 
EXECUTION 


Much of the design of the 80960 architecture 
has been aimed at maximizing 
the processor's 
computational 
and data processing speed through the use of increased parallelism. The following 
paragraphs describe several of the mechanisms and techniques used to accomplish this goal. 


Load and Store Model 


One of the more important 
features 
of the 80960 
architecture 
is its performance 
of most 
operations on operands in registers, rather than in memory. For example, all arithmetic, logic, 
comparison, branching and bit operations are performed with registers and literals. 


This feature provides two benefits. First, it increases program execution speed by minimizing the 
number of memory accesses necessary 
to execute a program. Second, it reduces the memory 
latency encountered when using slower, lower-cost memory parts. 


To support this concept, the architecture provides a generous supply of general-purpose 
registers. 
For each procedure, 32 registers are available, 28 of which are available for general use. These 
registers are divided into two types: global and local. Both types of registers can be used for 
general storage of operands. 
The only difference 
is that global registers retain their contents 
across procedure boundaries, 
whereas the processor allocates a new set of local registers each 
time a new procedure is called. 


The architecture 
also provides 
a set of fast, versatile 
load and store 
instructions. 
These 
instructions allow burst transfers of 1, 2, 4, 8, 12, or 16 bytes of information between memory 
and the registers. 


On-Chip Caching of Code and Data 


To further reduce memory accesses, the architecture offers two mechanisms for caching code and 
data on chip: an instruction 
cache and multiple 
sets of local registers. 
The instruction 
cache 
allows prefetching of blocks of instruction from memory. This helps ensure that the instruction 
execution pipeline is supplied with a steady stream of instructions. It also reduces the number of 
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memory accesses required when performing iterative operations such as loops. The architecture 
allows the size of the instruction cache to vary. For the 80960KB processor, it is 512 bytes. 


To optimize the architecture's 
procedure call mechanism, the processor provides multiple sets of 
local registers. This allows the processor to perform procedure calls without having to write the 
local registers out to the stack in memory. The number of register sets depends on the processor 
implementation. 
The 80960KB processor provides four sets of local registers. 


Overlapped 
Instruction Execution 


The 80960 architecture also enhances program execution speed by overlapping the execution of 
some instructions. 
In the 80960K series of processors, 
this is accomplished 
through 
register 
scoreboarding. 


Register scoreboarding permits instruction execution to continue while data is being fetched from 
memory. When a load instruction is executed, the processor sets one or more scoreboard bits to 
indicate the target registers to be loaded. After the target registers are loaded, the scoreboard bits 
are cleared. While the target registers are being loaded, the processor is allowed to execute other 11 
instructions that do not use these registers. 


The processor uses the scoreboard bits to ensure that the target registers are not used until the 
load is complete. 
(Scoreboard 
bits are checked transparently 
from software.) 
This technique 
allows code to be executed such that some instructions can be executed in zero clock cycles (that 
is, executed for free). 


Single-Clock 
Instructions 


The 80960 architecture is designed to let a processor execute commonly used instructions, such 
as moves, adds, subtracts, logical operations, and branches, in a minimum number of clock cycles 
(preferably one cycle). The architecture supports this concept in several ways. For example, the 
load and store model described earlier eliminates the clock cycles required to perform memory- 
to-memory operations, by concentrating on register-to-register 
operations. 


In addition, all of the instructions in the 80960 architecture are 32 bits long and aligned on 32-bit 
boundaries. This lets instructions be decoded in one clock cycle, and eliminates the need for an 
instruction-alignment 
stage in the pipeline. 


The 80960KB processor takes full advantage of these features of the architecture, 
resulting in 
more than 50 instructions that can be executed in a single clock cycle. 


Efficient Interrupt Model 


The 80960 architecture 
provides an efficient mechanism 
for servicing interrupts from external 
sources. To handle interrupts, the processor maintains an interrupt table of 248 interrupt vectors, 
240 of which are available for general use. When an interrupt is signaled, the processor uses a 
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pointer to the interrupt table to perform an implicit call to an interrupt handler procedure. 
In 
performing this call, the processor automatically saves the state of the processor prior to receiving 
the interrupt, performs the interrupt routine, then restores the state of the processor. A separate 
interrupt stack is also provided to segregate interrupt handling from application programs. 


The interrupt handling facilities also allow interrupts to be evaluated by priority. The processor is 
then able to store interrupt vectors that are lower in priority than the current processor task in a 
pending interrupt section of the interrupt table. The processor checks and services the pending 
interrupts at defined times. 


SIMPLIFIED 
PROGRAMMING 
ENVIRONMENT 


Because of its streamlined execution environment, processors based on the 80960 architecture are 
particularly easy to program. The following paragraphs describe some of the architecture features 
that simplify programming. 


Highly Efficient Procedure Call Mechanism 


The procedure call mechanism makes procedure calls and parameter passing between procedures 
simple and compact. Each time a call instruction is issued, the processor automatically 
saves the 
current set of local registers and allocates a new set for the called procedure. 
Likewise, 
on a 
return from a procedure, the current set of local registers is deallocated and the local registers for 
the procedure being returned to are restored. This means a program never has to explicitly save 
and restore those local variables that are stored in local registers. 


Versatile Instruction Set and Addressing 


The selection of instructions and addressing modes also simplifies programming. 
A full set of 
load, store, move, arithmetic, comparison, and branch instructions are provided, with operations 
on both integer and ordinal data types. Operations 
on bits and bit strings are simplified 
by a 
complete set of Boolean and bit-field instructions. 


The addressing modes are efficient and straightforward, 
while at the same time providing 
the 
necessary indexing and scaling modes required to address complex arrays and record structures. 
The large 4-gigabyte 
address 
space provides 
ample room to store programs 
and data. The 
availability of 32 addressing lines allows some address lines to be memory-mapped 
to control 
hardware functions. 


Extensive Fault Handling Capability 


To aid in program development, 
the 80960 architecture defines a wide range of faults that the 
processor detects, including arithmetic faults, invalid operations, invalid operands, and machine 
faults. When a fault is detected, the processor makes an implicit call to a fault handler 
routine, in 
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a way similar to the interrupt mechanism 
described previously. 
The information 
collected for 


each fault allows program developers 
to quickly correct faulting code, and allows automatic 


recovery from some faults. 


Debugging and Monitoring 


To support debugging 
systems, the 80960 architecture 
provides a mechanism 
for monitoring 


processor activity by means of trace events. When the processor detects a trace event, it signals a 
trace fault and calls a fault handler. Intel provides several tools that use this feature, including an 
in-circuit emulator (ICE) device. 


SUPPOR1 
FOR ARCHITECTURAL 
EXTENSIONS 


The 80960 architecture provides several features that enable processors based on this architecture 
to be easily customized 
to meet the needs of specific embedded 
applications, 
such as signal 


processing, array processing, or graphics processing. 


The most important of these features is the set of 32 special function registers. These registers 
provide a convenient 
interface 
to circuitry 
in the processor 
or pins that can be connected 
to 
external hardware. 
They can be used to control timers, to perform operations 
on special data 


types, or to perform 
I/O functions. 
The special 
function 
registers 
are similar 
to the global 


registers. They can be addressed by all of the register access instructions. 


EXTENSIONS 
INCLUDED IN THE 80960K SERIES PROCESSORS 


The 80960K series of processors provides a complete implementation 
of the 80960 architecture, 


plus several extensions to that architecture. These extensions fall into two categories: floating- 
point processing and inter-agent communication. 


On-Chip Floating Point 


The 80960KB processor provides a complete implementation 
of the IEEE standard for binary 


floating-point 
arithmetic 
(IEEE 754-185). This implementation 
includes a full set of floating- 


point operations, 
including 
add, subtract, 
multiply, 
divide, 
trigonometric 
functions, 
and 
logarithmic 
functions. 
These operations 
are performed 
on single precision 
(32-bit), 
double 


precision (64-bit), and extended precision (80-bit) real numbers. 


One of the benefits 
of this implementation 
is that the floating-point 
handling 
facilities 
are 


integrated 
into the normal instruction 
execution 
environment. 
Single and double precision 


floating-point 
values are stored in the same registers as non-floating 
point values. Four 80-bit 
floating-point registers are provided to hold extended-precision 
values. 


3-7 


80960KA-KB PRODUCT OVERVIEW 


Interagent Communication 


All of the processors 
in the 80960K 
series 
provide 
an inter-agent 
communication 
(lAC) 
mechanism, allowing agents connected to the processor's 
bus to communicate 
with one another. 
This mechanism 
operates similarly to the interrupt mechanism, 
except that lAC messages are 
passed through dedicated sections of memory. The sort of tasks handled with lAC messages are 
processor reinitialization, 
stopping the processor, purging the instruction cache, and forcing the 
processor to check pending interrupts. 
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EMBEDDED 32-BIT PROCESSOR 


• 
High-Performance 
Embedded 
Architecture 
- 
25 MIPS Burst Execution at 25 MHz 
- 
9.4 MIPS· Sustained Execution at 
25 MHz 


• 
512-Byte On-Chip Instruction 
Cache 
- 
Direct Mapped 
- 
Parallel Load/Decode 
for Uncached 
Instructions 


• 
Pin Compatible with 80960KB 


• 
Multiple Register Sets 
- 
Sixteen Global 32-Bit Registers 
- 
Sixteen Local 32-Bit Registers 
- 
Four Local Register Sets Stored 
On-Chip 
- 
Register Scoreboarding 


• 
Built-In Interrupt Controller 
- 
32 Priority Levels 256 Vectors 
- 
Supports 8259A 
- 
3.4 /Ls Latency 
@ 25 MHz 


• 
Easy to Use, High Bandwidth 32-Bit Bus 
- 
66.7 MBytes/s 
Burst 
- 
Up to 16-Bytes Transferred 
per Burst 


• 
4 Glgabyte, Linear Address Space 


• 
132-Lead Pin Grid Array (PGA) Package 


• 
132-Lead Plastic Quad Flat Pack (PQFP) 


• 
Uses 85C960 Bus Controller 


• 
Supported by 27960KX Burst EPROMs 


The 80960KA 
is a member 
of Intel's new 32-bit processor 
family, the i960 series, which is designed 
especially 


for embedded 
applications. 
It is based 
on the family's 
high performance, 
common 
core 
architecture, 
and 


includes 
a 512-byte 
instruction 
cache and a built-in interrupt 
controller. 
The 80960KA 
has a large register 
set, 


multiple 
parallel execution 
units, and a high-bandwidth, 
burst bus. Using advanced 
RiSe technology, 
this high 


performance 
processor 
is capable 
of execution 
rates in excess 
of 9.4 million 
instructions 
per second." 
The 


80960KA 
is we ll-suited for a wide range of embedded 
applications, 
including 
laser printers, 
image processing, 


industrial 
control, 
robotics, 
and telecommunications. 


·Relative 
to Digital Equipment 
Corporation's 
VAX-11 1780·· at 1 MIPS 


32-BIT 
BURST 
BUS 


. 
270775-1 


Figure 1. The 80960KA's Highly Parallel Mlcroarchltecture 
. 


··V AX-11 TM is a trademark 
of Digital 
Equipment 
Corporation. 
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gO 
0 


SIXTEEN 
GLOBAL 
32-BIT 
REGISTERS(1) 


REGISTERS 


g15 


rO 


SIXTEEN 
LOCAL 
ADDRESS 
32-BIT 
REGISTERS(2) 
SPACE 
REGISTERS 


r15 


32-BITS 
ARITHMETIC 
CONTROLS 


32-BITS 
INSTRUCTION 
POINTER 


232-1 


32-BITS 
PROCESS CONTROLS 


32-BITS 
I TRACE CONTROLS 


NOTES: 
1. Register g15 is reserved for stack management functions. 
2. Registers rO, r1, and r2 are reserved for stack management functions. 


Figure 2. Register 
Set 


THE 960 SERIES 


The 80960KA 
is a member 
of a new family of 32-bit 
microprocessors 
from 
Intel known 
as the i960 Se- 
ries. This 
series 
was especially 
designed 
to serve 
the 
needs 
of embedded 
applications. 
The embed- 
ded market 
includes 
applications 
as diverse 
as in- 
dustrial 
automation, 
avionics, 
image 
processing, 


graphics, 
robotics, 
telecommunications, 
and 
auto- 
mobiles. 
These 
types 
of applications 
require 
high 


integration, 
low power 
consumption, 
quick interrupt 
response 
times, 
and high performance. 
Since 
time 
to 
market 
is critical, 
embedded 
microprocessors 
need to be easy to use in both hardware 
and soft- 
ware designs. 


All members 
of the 80960 
series 
share a common 


. core architecture 
which 
utilizes 
RISC technology 
so 
that, except 
for special 
functions, 
the family 
mem- 


bers are object code compatible. 
Each new proces- 
sor in the series will add its own special 
set of func- 


tions 
to the core to satisfy 
the needs 
of a specific 
application 
or range of applications 
in the embedded 
market. 
For example, 
future processors 
may include 
a DMA controller, 
a timer, or an AID 
converter. 


Software 
written 
for the 
80960KA 
will 
run without 
modification 
on any other member of the 80960 fam- 
ily. It is also pin-compatible 
with the 80960KB, 
which 


includes 
an integrated 
floating-point 
unit, 
and 
the 
80960MC, 
a military-grade 
version 
with support 
for 
multitasking, 
memory management, 
multiprocessing, 


and fault tolerance. 
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KEY PERFORMANCE 
FEATURES 


The a0960KA's architecture is based on the most 
recent advances in RISC technology and is ground- 
ed in Intel's long experience in designing embedded 
controllers. 
Many 
features 
contribute 
to 
the 
a0960KA's exceptional performance: 


1. Large Register Set. Modern compilers can take 
advantage of a large number of registers to optimize 
execution 
speed. 
For 
maximum 
flexibility, 
the 
a0960KA provides 32 32-bit registers and four so-en 
floating-point registers. (See Figure 2.) 


2. Fast Instruction 
Execution. 
Simple functions 
make up the bulk of instructions in most programs, 


so that execution speed can be greatly improved by 
ensuring that these core instructions execute in as 
short a time as possible. The most-frequently exe- 
cuted instructions such as register-register moves, 
add/subtract, logical operations, and shifts execute 
in one to two cycles (Table 1 contains a list of in- 
structions.) 


3. Load/Store 
Architecture. 
One way to improve 


execution speed is to reduce the number of times 
that the processor must access memory to perform 
an operation. like other processors based on RISC 
technology, the a0960KA has a Load/Store archi- 
tecture, only the LOAD and STORE instructions ref- 
erence memory; all other instructions operate on 
registers. 


Control 
Opcode 
Displacement 


Compare 
and Branch 
Opcode 1~'_R_e~g_/L_it~ 
R_e~g 
__ ~~ 
D_is~p_la_c_e_m_e_n_t 
_ 


Register 
to Register 
Opcode 
Reg 
Reg/lit 
Modes 
Ext'd Op I Reg/lit 


Opcode 
Reg 
Base 
~ 
Offset 


Opcode I 
Reg 
Base 
Mode IScale 0 
Index 


Displacement 


Memory 
Access-Short 


Memory 
Access-Long 


Figure 3. Instruction 
Formats 
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Table 1. 80960KA 
Instruction 
Set 


Data Movement 
Arithmetic 
Logical 
Bit and Bit 
Field 


Load 
Add 
And 
Set Bit 
Store 
Subtract 
Not And 
Clear Bit 
Move 
Multiply 
And Not 
Not Bit 
, 


Load Address 
Divide 
Or 
Check Bit 
Remainder 
Exclusive 
Or 
Alter Bit 
Modulo 
Not Or 
Scan for Bit 


Shift 
Or Not 
Scan over Bit 
Nor 
Extract 
J 


Exclusive 
Nor 
Modify 
" 


Not 
Nand 
Rotate 


Comparison 
Branch 
Call/Return 
Fault 


Compare 
Unconditional 
Call 
Conditional 
Fault 
Conditional 
Branch 
Call Extended 
Synchronize 
Faults 


Compare 
Conditional 
Branch 
Call System 
Compare 
and 
Compare 
and 
Return 
Inctement 
Branch 
Branch and Link 
Compare 
and 
Decrement 


Debug 
Miscellaneous 
Decimal 


Modify Trace 
Atomic Add 
Move 
. 


Controls 
Atomic Modify 
Add with Carry 
Mark 
Flush Local Registers 
Subtract 
with 'Carry 
Force Mark 
Modify Arithmetic 
. 


Controls 
Scan Byte for Equal 
Test Condition 
Code 
Modify Process Controls 


Synchronous 


Synchronous 
Load 
Synchronous 
Move 
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4. Simple Instruction 
Formats. All instructions in 
the B0960KA are 32-bits long and must be aligned 
on word boundaries. This alignment makes it possi- 
ble to eliminate the instruction-alignment stage in 
the pipeline. To simplify the instruction decoder fur- 
ther, there are only five instruction formats and each 
instruction uses only one format. (See Figure 3.) 


5. Overlapped Instruction 
Execution. A load oper- 


ation allows execution of subsequent instructions to 
continue before the data has been returned from 
memory, so that these instructions can overlap the 
load. The B0960KA manages this process transpar- 
ently to software through the use of a register score- 
board. Conditional instructions also make use of a 
scoreboard so that subsequent unrelated instruc- 
tions can be executed while the conditional instruc- 
tion is pending. 


6. Integer Execution Optimization. 
When the re- 
sult of an operation is used as an operand in a sub- 
sequent calculation, the value is sent immediately to 
its destination register. Yet at the same time, the 
value is put back on a bypass path to the ALU, 
thereby saving the time that otherwise would be re- 
quired to retrieve the value for the next operation. 


7. Bandwidth 
Optlmlzatlons. 
The B0960KA gets 
optimal use of its memory bus bandwidth because 
the bus is tuned for use with the cache: the line size 
of the instruction cache matches the maximum burst 
size for instruction fetches. The B0960KA automati- 
cally fetches four words in a burst and stores them 
directly in the cache. Due to the size of the cache 
and the fact that it is continually filled in anticipation 
of needed instructions in the program flow, the 
B0960KA is exceptionally insensitive to memory wait 
states. In fact, each wait state causes only a 7% 
degradation in system perfomance. The benefit is 
that the B0960KA will deliver outstanding perform- 
ance even with a low cost memory system. 


8. Cache Bypass. If there is a cache miss, the proc- 
essor fetches the needed instruction, then sends it 
on to the instruction decoder at the same time it 
updates the cache. Thus, no extra time is taken to 
load and read the cache. 


Memory Space and Addressing Modes 


The B0960KA offers a linear programming environ- 
ment so that all programs running on the processor 
are contained in a single address space. The maxi- 
mum size of the address space is 4 Gigabytes (232 
bytes). 


For ease of use, the B0960KA has a small number of 
addressing modes, but includes all those necessary 


to ensure efficient compiler implementations of high- 
level languages such as C, Fortran and Ada. Table 2 
lists the memory addressing modes. 


Data Types 


The B0960KA recognizes the following data types: 


Numeric: 
• B-, 16-, 32- and 64-bit ordinals 
• B-, 16, 32- and 64-bit integers 


Non-Numeric: 
• Bit 
• Bit Field 
• Triple-Word (96 bits) 
• Quad-Word (12B bits) 


Large Register Set 


The programming environment of the B0960KA in- 
cludes a large number of registers. In fact, 32 regis- 
ters are available at any time. The availability of this 
many registers greatly reduces the number of mem- 
ory accesses required to execute most programs, 
which leads to greater instruction processing speed. 


There are two types of general-purpose registers: 
local and global. The global registers consist of six- 
teen 32-bit registers (GOthrough G15) These regis- 
ters perform the same function as the general-pur- 
pose registers provided in other popular microproc- 
essors. The term global refers to the fact that these 
registers retain their contents 
across procedure 
calls. 


The local registers, on the other hand, are proce- 
dure specific. For each procedure call, the B0960KA 
allocates 16 local registers (ROthrough R15). Each 
local register is 32 bits wide. 


Multiple Register Sets 


To further increase the efficiency of the register set, 
multiple sets of local registers are stored on-chip. 
This cache holds up to four local register frames, 
which means that up to three procedure calls can be 
made without having to access the procedure stack 
resident in memory. 


Although programs may have procedure calls nest- 
ed many calls deep, a program typically oscillates 
back and forth between only two or three levels. As 
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Table 2. Memory 
Addressing 
Modes 


• 
12·Bit Offset 


• 
32-Bit Offset 


• 
Register-Indirect 


• 
Register + 12-Bit Offset 


• 
Register + 32-Bit Offset 


• 
Register + (Index-Register 
x Scale-Factor) 


• 
Register x Scale Factor + 32-Bit Displacement 


• 
Register + (Index-Register 
x Scale-Factor) 
+ 32-Bit Displacement 


Scale-Factor 
is 1, 2, 4, 8 or 16 


a result, 
with 
four 
stack 
frames 
in the 
cache, 
the 
probability 
of there being a free frame on the cache 
when 
a call is made 
is very 
high. 
In fact, 
runs of 
representative 
C-Ianguage 
programs 
show that 80% 
of the calls are handled 
without 
needing 
to access 
memory. 


If there 
are four or more 
active 
procedures 
and a 
new procedure 
is called, 
the processor 
moves 
the 
oldest set of local registers 
in the register cache to a 


procedure 
stack in memory to make room for a new 
set of registers. 
Global 
register 
G 15 is used by the 
processor 
as the frame 
pointer 
(FP) for the proce- 
dure stack. 


Note that the global registers 
are not exchanged 
on 
a procedure 
call, but retain 
their 
contents, 
making 
them 
available 
to all procedures 
for fast parameter 
passing. 
An 
illustration 
of 
the 
register 
cache 
is 
shown 
in Figure 4. 


REGISTER 
CACHE 


ONE OF 
LOCA 
REG~STER 


FOUR 
L 
SETS----- ----. 


.. 


1 


RO 


31 
o 
270775-2 


Figure 4. Multiple Register 
Sets Are Stored 
On-Chip 
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To further reduce memory accesses, the 80960KA 
includes a 512-byte on-chip instruction cache. The 
instruction cache is based on the concept of locality 
of reference; that is, most programs are not usually 
executed in a steady stream but consist of many 
branches and loops that lead to jumping back and 
forth within the same small section of code. Thus, by . 
maintaining a block of instructions in a cache, the 
number of memory references required to read in- 
structions into the processor can be greatly reduced. 


To 
load the 
instruction cache, 
instructions are 
fetched in 16-byte blocks, so that up to four instruc- 
tions can be fetched at one time. An efficient 
prefetch algorithm increases the probability that an 
instruction will already be in the cache when it is 
needed. 


Code for small loops will often fit entirely within the 
cache, leading to a great increase in processing 
speed since further memory references might not be 
necessary until the program exits the loop. Similarly, 
when calling short procedures, the code for the call- 
ing procedure is likely to remain in the cache, so it 
will be there on the procedure's return. 


Register Scoreboarding 


The instruction decoder has been optimized in sev- 
eral ways. One of these optimizations is the ability to 


do instruction overlapping by means of register 
scoreboarding. 


Register scoreboarding occurs when a LOAD in- 
struction is executed to move a variable from memo- 
ry into a register. When the instruction is initiated, a 
scoreboard bit on the target register is set. When the 
register is actually loaded, the bit is reset. In be- 
tween, any reference to the register contents is ac- 
companied by a test of the scoreboard bit to insure 
that the load has completed before processing con- 
tinues. Since the processor does not have to wait for 
the LOAD to be completed, it can go on to execute 
additional instructions placed in between the LOAD 
instruction and the instruction that uses the register 
contents, as shown in the following example: 


LOAD R4, address 1 
LOAD R5, address 2 
Unrelated instruction 
Unrelated instruction 
ADD R4, R5, R6 


In essence, the two unrelated instructions between 
the LOAD and ADD instructions are executed for 
free (i.e.,take no apparent time to execute) because 
they are executed while the register is being loaded. 
Up to three instructions can be pending at one time 
with three corresponding scoreboard bits set. By ex- 
ploiting this feature, system programmers and com- 
pilers have a useful tool for optimizing execution 
speed. 
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High Bandwidth 
Local Bus 


An 80960KA CPU resides on a high-bandwidth ad- 
dress/data bus known as the local bus (L-Bus). The 
L-Bus provides a direct communication path be- 
tween the processor and the memory and I/O sub- 
system interfaces. The processor uses the local bus 
to fetch instructions, manipulate memory, and re- 
spond to interrupts. Its features include: 


• 32-bit multiplexed address/data path 
• Four-word burst capability, which allows transfers 
from 1 to 16 bytes at a time 
• High bandwidth reads and writes at 66.7 MBytes 
per second 


• Special signal to indicate whether a memory 
transaction can be cached 


Figure 5 identifies the groups of signals which con- 
stitute the L-Bus. Table 4 lists the function of the L- 
Bus and other processor-support signals, such as 
the interrupt lines. 


Interrupt 
Handling 


The 80960KA can be interrupted in one of two ways: 
by the activation of one of four interrupt pins or by 
sending a message on the processor's data bus. 


The 80960KA is unusual in that it automatically han- 
dles interrupts on a priority basis and tracks pending 
interrupts through its on-chip interrupt controller. 
Two of the interrupt pins can be configured to pro- 
vide 8259A handshaking for expansion beyond four 
interrupt lines. 


Debug Features 


The 80960KA has built-in debug capabilities. There 
are two types of breakpoints and six different trace 
modes. The debug features are controlled by two 
internal 32-bit registers, the Process-Controls Word 
and the Trace-Controls Word. By setting bits in 
these control words, a software debug monitor can 
closely control how the processor responds during 
program execution. 


The 80960KA has both hardware and software 
breakpoints. It provides two hardware breakpoint 
registers on-chip which can be set by a special com- 
mand to any value. When the instruction pointer 
matches the value in one of the breakpoint registers, 
the breakpoint will fire, and a breakpoint handling 
routine is called automatically. 


The 80960KA also provides software breakpoints 
through the use of two instructions, MARK and 
FMARK. These instructions can be placed at any 
point in a program and will cause the processor to 
halt execution at that point and call the breakpoint 
handling routine. The breakpoint mechanism is easy 
to use and provides a powerful debugging tool. 


Tracing is available for instructions (single-step exe- 
cution), calls and returns, and branching. Each dif- 
ferent type of trace may be enabled separately by a 
special 
debug 
instruction. 
In 
each 
case, 
the 
80960KA executes the instruction first and then 
calls a trace handling routine (usually part of a soft- 
ware debug monitor). Further program execution is 
halted until the trace routine is completed. When the 
trace event handling routine is completed, instruc- 
tion execution resumes at the next instruction. The 


\ 


LOCAL BUS 


LOCAL BUS SIGNAL GROUPS 
\ 
<r---------> 
CONTROL (ADDRESS,DATA, 
and 
OPERATION SIGNALS-IS 
LINES) 
< 
> 


ADDRESS/DATA 
(32 
LINES) 


ARBITRATION (2 
LINES) 
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Figure 5. Local Bus Signal Groups 
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80960KA's 
tracing 
mechanisms, 
which 
are 
imple- 


mented 
completely 
in hardware, 
greatly 
simplify 
the 
task of testing 
and debugging 
software. 
. 


FAULT DETECTION 


The 
80960KA 
has 
an 
automatic 
mechanism 
to 
handle 
faults. 
There 
are ten 
fault 
types 
including 
trace, arithmetic, 
and floating-point 
faults. When the 
processor 
detects 
a fault, 
it automatically 
calls the 
appropriate 
fault handling 
routine and saves the cur- 


rent instruction 
pointer and necessary 
state informa- 


tion to make efficient 
recovery 
possible. 
The proces- 


sor posts diagnostic 
information 
on the type of fault 


to a Fault Record. 
Like interrupt 
handling 
routines, 


fault 
handling 
routines 
are usually 
written 
to meet 


the needs of a specific 
application 
and are often in- 


cluded 
as part of the operating 
system 
or kernel. 


For each of the ten fault types, there are numerous 
subtypes 
that 
provide 
specific 
information 
about 
a 
fault. For example, 
a floating-point 
fault may have its 
subtype 
set to an Overflow 
or Zero-Divide 
fault. The 
fault handler 
can use this specific 
information 
to re- 
spond correctly 
to the fault. 


BUILT-IN 
TESTABILITY 


Upon reset, the 80960KA 
automatically 
conducts 
an 


'extenSive 
internal 
test (self-test) 
of its major blocks 


of logic. Then, before executing 
its first instruction, 
it 


does 
a zero check 
sum on the first eight words 
in 
memory 
to ensure that the system 
has been loaded 
correctly. 
If a problem 
is discovered 
at any point dur- 


ing the self-test, 
the 80960KA 
will assert 
its FAIL- 


URE pin and will not begin program 
execution. 
The 
self-test 
takes approximately 
47,000 
cycles 
to com- 
plete. 


System 
manufacturers 
can use the 80960KA's 
self- 
test 
feature 
during 
incoming 
parts 
inspection. 
No 
special diagnostic 
programs 
need to be written, 
and 
the test is both thorough 
and fast. The self-test 
ca- 
pability helps ensure that defective 
parts will be dis- 
covered 
before 
systems 
are shipped, 
and once 
in 
the field, the self-test 
makes 
it easier 
to distinguish 


between 
problems 
caused 
by processor 
failure 
and 
problems 
resulting 
from other causes. 


CHMOS 


The 80960KA 
is fabricated 
using Intel's 
CHMOS 
IV 3 


(Complementary 
High Speed 
Metal Oxide Semicon- 
ductor) 
process. 
This 
advanced 
technology 
elimi- 
nates the frequency 
and reliability 
limitations 
of older 
CMOS 
processes 
and 
opens 
a new 
era in micro- 
processor 
performance. 
It combines 
the 
high 
per- 
formance 
capabilities 
of 
Intel's 
industry-leading 
HMOS 
technology 
with 
the 
high 
density 
and 
low 
power 
characteristics 
of CMOS. 
The 
80960KA 
is 
available 
at 10, 16, 20 and 25 MHz. 


Table 4a. 80960KA 
Pin Description: 
L-Bus Signals 


Symbol 
Type 
Name and Function 


CLK2 
I 
SYSTEM CLOCK provides the fundamental 
timing for 80960KA 
systems. 
It is 
divided by two inside the 80960KA 
to generate 
the internal processor 
clock. 


LAD31 
110 
LOCAL ADDRESS/DATA 
BUS carries 32-bit physical addresses 
and data to and 
-LADo 
T.S. 
from memory. 
During an address 
(Ta>cycle, bits 2-31 
contain a physical word 
address (bits 0-1 
indicate SIZE; see below). During a data (Td) cycle, bits 0-31 
i, 
contain read or write data. The LAD lines are active HIGH and float to a high 
impedance 
state when not active. 


SIZE, which is comprised 
of bits 0 -1 of the LAD lines during a Ta cycle, specifies 
the size of a burst transfer 
in words. 


LAD 1 
LAD 0 


, 


0 
0 
1 Word 
0 
1 
2 Words 
1 
0 
3 Words 
1 
1 
4 Words 


ALE 
0 
ADDRESS-LATCH 
ENABLE indicates 
the transfer 
of a physical address. 
ALE is 
T.S. 
asserted 
during a Ta cycle and deasserted 
before the beginning 
of the Td state. It 


is active LOW and floats to a high impedance 
state during a hold cycle (Th or T hr). 


1/0 
- 
input/Output, 0 - 
Output, I ~ input, 0.0. 
~ Open-Dram, T.S. - 
to-state 
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Table 
4a. 80960KA 
Pin Description: 
L-Bus Signals 
(Continued) 


Symbol 
Type 
Name and Function 


ADS 
0 
ADDRESS/DATA 
STATUS 
indicates 
an address state. ADS is asserted 
ev~ 
a 


0.0. 
state and deasserted 
during the following 
Td state. For a burst transaction, 
AD 
is 


asserted 
again every Td state where READY was asserted 
in the previous 
cycle. 


W/R 
0 
WRITE/READ 
specifies, 
during aT a cycle, whether 
the operation 
is a write or 
0.0. 
read. It is latched on-chip and remains valid during Td cycles. 


DT/R 
0 
OAT A TRANSMIT/RECEIVE 
indicates 
the direction 
of data transfer to and from 
0.0. 
the L-Bus. It is low during Ta and Td cycles for a read or interrupt __ 
acknowledgement; 
it is high during Ta and Td cycles for a write. DT /R never 
changes 
state when DEN is asserted 
(see Timing Diagrams). 


DEN 
0 
OAT A ENABLE 
is asserted 
during Td cycles and indicates 
transfer of data on the 
0.0. 
LAD bus lines. 


READY 
I 
READY indicates 
that data on LAD lines can be sampled 
or removed. 
If READY is 
not asserted 
during a Td cycle, the Td cycle is extended 
to the next cycle by 
inserting 
a wait state (Tw), and ADS is not asserted 
in the next cycle. 


LOCK 
I/O 
BUS LOCK prevents 
other bus masters from gainic 
g control of the L-Bus 
0.0. 
following 
the current cycle (if they would assert La 
K to do so). LOCK is used by 
the processor 
or any bus agent when it performs 
indivisible 
Read/Modify/Write 


,- 
(RMW) operations. 
Do not leave LOCK unconnected. 
It must be pulled high for the 
processor 
to function 
properly. 


-- 


1< 
For a read that is designated 
as a RMW-read, 
LOCK is examined. 
if asserted, 
the 
processor 
waits until it is not asserted; 
if not asserted, 
the processor 
asserts 
LOCK during the Ta cycle and leaves it asserted. 


I.;· 
A write that is designated 
as an RMW-write 
deasserts 
LOCK in the Ta cycle. 
During the time LOCK is asserted, 
a bus agent can perform a normal read or write 
but no RMW operations. 
LOCK is also held asserted 
during an interrupt- 


acknowledge 
transaction. 


BE3-BEo 
0 
BYTE ENABLE 
LINES s~ify 
which data bytes (up to four) on the bus take part 
0.0. 
in the current bus cycle. BE3 corresponds 
to LAD31-LAD24 
and BEo corresponds 
to LAD7-LADO' 


The byte enables are provided 
in advance 
of data. The byte enables 
asserted 
during Ta specify the bytes of the first data word. The byte enables asserted 
during Td specify the bytes of the next data word (if any), that is, the word to be 
transmitted 
following 
the next assertion 
of READY. The byte enables 
during the 
Td cycles preceding 
the last assertion 
of READY are undefined. 
The byte enables 
are latched on-chip and remain constant 
from one Td cycle to the next when 
READY is not asserted. 


For reads, the byte enables specify the byte(s) that the processor 
will actually use. 


L-Bus agents are required to assert only adjacent 
byte enables 
(e.g., asserting 
just 


BEo and BE2 is not permitted), 
and are required to assert at least one byte enable. 


To produce 
address bits Ao and A1 externally, 
they can be decoded 
from the byte 
enables. 


I/O - 
Input/Output. 0 ~ Output. I ~ Input. 0.0. 
~ Open-Drain. T-S_~ tri-state 
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Table 4a. 80960KA Pin Description: L-Bus Signals (Continued) 


Symbol 
Type 
Name and Function 


HOLD/ 
I 
HOLD: If the processor 
is the primary bus master (PBM), the input is interpreted 


HLDAR 
as HOLD, a request from a secondary 
bus master to acquire the bus. When the 
processor 
receives 
HOLD and grants another 
master control 
of the bus, it floats 
its tri-state 
bus lines and then asserts HLDA and enters the Th state. When HOLD 
is deasserted, 
the processor.will 
deassert 
HLDA and go to either the Tj or Ta 


r 
state. 


HOLD ACKNOWLEDGE 
RECEIVED: If the processor 
is a secondary 
bus master 


(SBM), the input is HLDAR, which indicates, 
when HOLDR output is high, that the 
processor 
has acquired the bus. Processors 
and other agents can be told at reset 
if they are the primary bus master (PBM). 


HLDAI 
0 
HOLD ACKNOWLEDGE: 
If the processor 
is a primary bus master, the output is 
HOLDR 
T.S. 
HLDA, which relinquishes 
control 
of the bus to another 
bus master. 


HOLD REQUEST: For secondary 
bus masters (SBM), the output is HOLDR, which 
isa request to acquire the bus. The bus is said to be acquired 
if the agent is a . 


primary bus master and does not have its HLDA output asserted, 
or if the agent is 
a secondary 
bus master and has its HOLD input and HLDA output asserted. 


CACHE 
0 
CACHE indicates 
if an access is cacheable 
during a Ta cycle. It is not asserted 
T.S. 
during any synchronous 
access, such as a synchronous 
load or move instruction 
used for sending an lAC message. 
The C~CHE signal floats to a high impedance 
state when the processor 
is idle. 


Table 4b. 80960KA Pin Description: Module Support Signals 


Symbol 
Type 
Name and Function 


BADAC 
I 
BAD ACCESS, if asserted 
in the cycle following 
the one in which the last READY 
of a transaction 
is asserted, 
indicates 
that an unrecoverable 
error has occurred 
on 


, 
the current bus transaction, 
or that a synchronous 
load/store 
instruction 
has not 


- 
been acknowledged. 


STARTUP: During system reset, the BADAC signal is interpreted 
differently. 
If the 
signal is high, it indicates 
that this processor 
will perform 
system initialization. 
If it 
is low, another processor 
in the system will perform 
system initialization 
instead. 


RESET 
I 
RESET clears the internal 
logic of the processor 
and causes it to re-initialize. 


During RESET assertion, 
the input pins are ignored (except for BADAC and 
lAC/INTo), 
the tri-state output pins are placed in a high impedance 
state, and 
other output pins are placed in their non-asserted 
state. 


RESET must be asserted 
for at least 41 CLK2 cycles for a predictable 
RESET. 


The HIGH to LOW transition 
of RESET should occur after the rising edge of both 
CLK2 and the external 
bus ClK, 
and before the next rising edge of CLK2. 


FAilURE 
0 
INITIALIZATION 
FAILURE indicates 
that the processor 
has failed to initialize 
0.0. 
correctly. 
After RESET is deasserted 
and before the first bus transaction 
begins, 


FAILURE 
is asserted 
while the processor 
performs 
a self-test. 
If the self-test 
completes 
successfully, 
then FAILURE 
is deasserted. 
Next, the processor 
performs 
a zero checksum 
on the first eight words of memory. 
If it fails, FAILURE 
is asserted 
for a second time and remains asserted; 
if it passes, system 
initialization 
continues 
and FAilURE 
remains deasserted. 


N.C. 
N/A 
NOT CONNECTED 
indicates 
pins should not be connected. 
Never connect 
any 
pin marked N.C. 


1/0 - 
Input/Output, 0 - 
Output, I - 
Input, 0.0. 
- 
Open-Drain, T.S. ~ tn-state 
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Table 
4b. 80960KA 
Pin Description: 
Module 
Support 
Signals 
(Continued) 


Symbol 
Type 
Name and Function 


JAG 
I 
INTERAGENT 
COMMUNICATION 
REQUEST /INTERRUPT 
0 indicates 
either 
INTO 
that there is a pending 
lAC message 
for the processor 
or an interrupt. 
The bus 
interrupt control 
register determines 
in which way the signal should be interpreted. 


To signal an interrupt 
or lAC request in a synchronous 
system, this pin (as well as 
the other interrupt 
pins) must be enabled 
by being deasserted 
for at least one bus 


cycle and then asserted 
for at least one additional 
bus cycle; in an asynchronous 
system, the pin must remain deasserted 
for at least two bus cycles and then be 
asserted 
for at least two more bus cycles. 


LOCAL 
PROCESSOR 
NUMBER: 
This signal is interpreted 
differently 
during 
system reset. If the signal is at a high voltage 
level, it indicates 
that this processor 


is a primary bus master (Local Processor 
Number = 0); if it is at a low voltage 
level, it indicates 
that this processor 
is a secondary 
bus master (Local Processor 
Number = 1). 


INT1 
I 
INTERRUPT 
1, like INTO, provides 
direct interrupt signaling. 


INT2/ 
I 
INTERRUPT 
2/INTERRUPT 
REQUEST: 
The bus control 
registers 
determines 


INTR 
how this pin is interpreted. 
If INT2, it has the same interpretation 
as the INTO and 
INT1 pins. If INTR, it is used to receive an interrupt 
request from an external 
interrupt 
controller. 


INT3/ 
110 
INTERRUPT 
3/1NTERRUPT 
ACKNOWLEDGE: 
The bus interrupt control 
register 


INTA 
0.0. 
determines 
how this pin is interpreted. 
If INT3, it has the same interpretation 
as 
the INTO, INT1, and INT2 pins. If INTA, it is used as an output to control 
interrupt- 


acknowledge 
bus transactions. 
The INTA output is latched on-chip and remains 
valid during Td cycles; as an output, it is open-drain. 


ELECTRICAL 
SPECIFICATIONS 


1/0 = Input/Output, 0 = Output. I = Input. 0.0. = Open-Dram. l.S. = m-state 


Power and Grounding 


The 80960KA 
is implemented 
in CHMOS 
IV technol- 
ogy and 
has modest 
power 
requirements. 
Its high 
clock 
frequency 
and numerous 
output 
buffers 
(ad- 
dress/data, 
control, 
error, 
and 
arbitration 
signals) 
can cause 
power 
surges 
as multiple 
output 
buffers 
drive new signal levels simultaneously. 
For clean on- 
chip 
power 
distribution 
at high frequency, 
12 vcc 
and 13 Vss 
pins separately 
feed functional 
units of 


the 80960KA 
in the PGA. 


Power and ground connections 
must be made to all 
power and ground 
pins of the 80960KA. 
On the cir- 
cuit 
board, 
all vcc pins 
must 
be strapped 
closely 


together, 
preferably 
on a power 
plane. 
Likewise, 
all 
Vss pins should be strapped 
together, 
preferably 
on 
a ground 
plane. 
These 
pins may not be connected 


together 
within the chip. 


Power 
Decoupling 
Recommendations 


Liberal 
decoupling 
capacitance 
should 
be 
placed 
near the 80960KA. 
The processor 
can cause 
tran- 


sient power 
surges when driving the L-Bus, particu- 


larly when it is connected 
to a large capacitive 
load. 


Low 
inductance 
capacitors 
and 
interconnects 
are 
recommended 
for best high frequency 
electrical 
per- 
formance. 
Inductance 
can be reduced 
by shortening 
the 
board 
traces 
between 
the 
processor 
and 
de- 


coupling 
capacitors 
as much as possible. 
Capacitors 
specifically 
designed 
for 
PGA 
packages 
are 
also 


commercially 
available 
and offer the lowest possible 


inductance. 


Connection 
Recommendations 


For reliable 
operation, 
always 
connect 
unused 
in- 


puts to an appropriate 
signal 
level. 
In particular, 
if 


one or more interrupt 
tines are not used, they should 


be pulled up. No inputs should 
ever be left floating. 
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All open-drain outputs require a pullup device. While 
in some cases a simple pullup resistor will be ade- 
quate, we recommend a network of pullup and pull- 
down resistors biased to a valid VIH (~3.4V) and 
terminated in the characteristic impedance of the cir- 
cuit board. Figure 6 shows our recommendations for 
the resistor values for both a low and high current 
drive network, which assumes that the circuit board 
has a characteristic impedance of 1oon. The advan- 
tage of terminating the output signals in this fashion 
is that it limits signal swing and reduces AC power 
consumption. 


Characteristic 
Curves 


Figure 7 shows the typical supply current require- 
ments over the operating temperature range of the 
processor at supply voltage {Ved of 5V. Figure 8 
shows the typical power supply current {led 
re- 
quired by the 80960KA at various operating frequen- 
cies when measured at three input voltage {Ved 
levels. 


For a given output current (loll, the curve in Figure 9 
shows the worst case output low voltage (VOl). 


Figure 10 shows the typical capacitive derating 
curve for the 80960KA measured from 1.5V on the 
system clock (ClK) to 1.5V on the falling edge and 
1.5V on the rising edge of the LoBusaddress/data 
(LAD) signals. 


Test Load Circuit 


Figure 13 illustrates the load circuit used to test the 
80960KA's tristate pins, and Figure 14 shows the 
load circuit used to test the open drain outputs. The 
open drain test uses an active load circuit in the form 
of a matched diode bridge. Since the open-drain out- 
puts sink current, only the 10Llegs of the bridge are 
necessary and the 10Hlegs are not used. When the 
80960KA driver under test is turned off, the output 
pin is pulled up to VREF (Le., VOH). Diode 0, is 
turned off and the 10Lcurrent source flows through 
diode 02. 


When the 80960KA open-drain driver under test is • 
on, diode 0, is also on, and the voltage on the pin 
being tested drops to VOL. Diode 02 turns off and 
10Lflows through diode 0,. 


1 


T80n. 


80960KA 
OPEN-DRAIN 
OUTPUT 
390n. 


~7 


270775-4 
LowDrive Network: 


• VOH = 3.42V 
• IOL = 25.3 mA 


High Drive Network: 
• VOH = 3.41V 
• IOL = 33.8 mA 


B0960KA 
OPEN-DRAIN 
OUTPUT 
280n. 


T30n. 


270775-5 


Figure 6. Connection 
Recommendations 
for Low and High Current 
Drive Networks 
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Vcc = 5.0Y 


380 


380 


340 


320 


"1 
300 
~ 
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~ 
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220 
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~ 
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-60 
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60 
-40 
-20 
80 
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CASE 
T[WPERATURE 
(CC) 


I. 2S "Ht: 
020 
WHz .16 
WH:r 010 WH%I 
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Figure 7. Typical Supply Current 
(Ice> 
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(Temp 
= + 85·C, vcc = 4.5V) 
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Figure 8. Typical Current 
vs Frequency 
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Figure 9. Worst Case Voltage 
vs 
Output Current 
on Open-Drain 
Pins 
Figure 10. Capacitive 
Derating 
Curve 


3-22 


intJ 
80960KA 


ABSOLUTE 
MAXIMUM 
RATINGS· 
NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 


Operating 
Temperature 
O·C to + 85·C Case 


Storage Temperature 
- 65·C to + 150·C 


Voltage on Any Pin 
-0.5V 
to vcc + 0.5V 


Power Dissipation 
2.5W (25 MHz) 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 


tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


D.C. CHARACTERISTICS 
80960KA 
(10 and 16 MHz): TCASE = O·C to + 
85·C, vcc = 5V ±10% 
80960KA 
(20 and 25 MHz): TCASE = O·C to + 85·C, vcc = 5V ± 5% 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


Vll 
Input Low Voltage 
-0.3 
+0.8 
V 


VIH 
Input High Voltage 
2.0 
vcc + 0.3 
V 
-r 


VCl 
CLK2 Input Low Voltage 
-0.3 
+0.8 
V 


VCH 
CLK2 Input High Voltage 
0.55Vcc 
VCC + 0.3 
V 


VOl 
Output Low Voltage 
0.45 
V 
(1,5) 


VOH 
Output High Voltage 
2.4 
V 
(2,4) 
" 


Icc 
Power Supply Current: 
10 MHz 
300 
~ 
mA 
16 MHz 
375 
mA 
20MHz 
420 
mA 
25MHz 
480 
mA 


III 
Input Leakage Current 
±15 
p.A 
Os VIN s vcc 


ILO 
Output Leakage Current 
±15 
p.A 
0.45s vo s vcc 


CIN 
Input Capacitance 
10 
pF 
fc = 1 MHz(3) 


Co 
1/0 or Output Capacitance 
12 
pF 
fc = 1 MHz(3) 


CClK 
Clock Capacitance 
10 
pF 
tc = 1 MHz(3) 


NOTES: 
1. For tri-state outputs, this parameter is measured at: 


Address/Data ...........................................•.......•..........•........................... 
4.0 mA 


Controls ..........................................•......................................•............. 
5.0 mA 


2. This parameter is measured at: 


. Address/Data ...................................•.......•..•......................................... 
-1.0 
mA 


Controls 
-0.9 
mA 


ALE .......................................................•.......•................................. 
-5.0mA 


3. Input, output, and clock capacitance are not tested. 
' 


4. Not measured on open-drain outputs. 
5. For open-drain outputs 
" 
25 mA 
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This section 
describes 
the A.C. specifications 
for the 
S0960KA 
pins. All input and output timings are spec- 
ified relative to the 1.5V level of the rising edge. Four 
output 
timings, 
the specifications 
refer to the time it 
takes 
the 
sig.nal to reach 
1.5V. 
For input 
timings, 


the specifications 
refer to the time at which the sig- 
nal reaches 
(for input setup) or leaves (for hold time) 
the TIL 
levels of LOW (O.SV) or HIGH (2.0V). All AC 
testing 
should 
be done with input clock 
voltages 
of 
O.4V and 2.4V, except 
for the clock 
(CLK2), 
which 
should be tested with input voltages 
of 0.45 vcc and 
0.55 vcc. 


A.C. SPECIFICATIONS 


EDGE 


CLK2 


OUTPUTS: 


LAD3,-LADo' 


ADS. 


W/R.DEN. 
BE3-BEO 
HLDA/HOLDR. 


CACHE 


LOCK.INTA 


ALE 


DT/R 


INPUTS: 


LAD3,-LADo• 


8ADAC. 


IAC/INT o.INT,. 


INT2/INTR.iNT 
3 


HOLD.HLDAR. 


LOCK. 


READY 


A 


270775-10 


Figure 11. Drive Levels and Timing Relationships 
for 80960KA 
Signals 
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T. 
Td 
T, 
T. 
Td 
Td 
T, 


CLK2 


CLK 


A/D 


ALE 


ADS 


8E(0:3) 


W/R 


DT/R 


DEN 


READY 
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Figure 12. Timing Relationship 
of L-Bus Signals 
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A.C. Specification 
Tables 
80960KA 
A.C. Characteristics 
(10 MHz) 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


T1 
Processor 
Clock 
50 
125 
ns 
VIN = 1.5V 
Period (CLK2) 


T2 
Processor 
Clock 
12 
ns 
VIL = 10% Point 
Low Time (CLK2) 
= 1.2V 


T3 
Processor 
Clock 
12 
ns 
VIH = 90% Point 
High Time (CLK2) 
= 0.1V + 0.5 vcc 


T4 
Processor 
Clock 
10 
ns 
VIN = 90% Point to 10% 
Fall Time (CLK2) 
Point 


Ts 
Processor 
Clock 
10 
ns 
VIN = W% 
Point to 90% 
Rise Time (CLK2) 
Point 


T6 
Output Valid 
2 
25 
ns 
CL = 100 pF (LAD) 
Delay 
'"~ 
CL = 75 pF (Controls)(2) 


T6H 
HOLDA Output 
4 
31 
ns 
CL = 75 pF 
Valid Delay 
e_ 


T7 
ALE Width 
25 
ns 
CL = 75pF 


Ta 
ALE Output Valid Delay 
0 
20 
ns 
CL = 75 pF(2) 


T9 
Output Float 
2 
20 
ns 
CL = 100 pF (LAD) 
Delay 
CL = 75 pF (Controls) 


T9H 
HOLDA Output 
4 
20 
ns 
CL = 75 pF 
Float Delay 


TlO 
Input Setup 1 
3 


- 
-, 
- 
c 
ns 


" 


T11 
Input Hold 
5 
ns 


T11H 
HOLD Input 
4 
ns 
Hold 


T12 
Input Setup 2 
8 
ns 


T13 
Setup to ALE 
10 
ns 
CL = 100 pF (LAD) 
Inactive 
CL = 75 pF (Controls) 


T14 
Hold after ALE 
8 
ns 
CL = 100 pF (LAD) 
Inactive 
CL = 75 pF (Controls) 


T1S 
Reset Hold 
3 
ns 


T16 
Reset Setup 
5 
ns 


T17 
Reset Width 
1640 
ns 
41 CLK2 Periods Minimum 


NOTES: 
1. lAC/INTo. 
INT1. INT2/INTR. 
INT3 can be asynchronous. 


2. A float condition 
occurs 
when the maximum 
output 
current 
becomes 
less than ILO' Float delay is not tested. 
but should 
be 
no longer 
than the valid delay. 
3. Clock 
rise and fall time is not tested. 
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80960KA 
A.C. Characteristics 
(16 MHz) 


Symbol 
Parameter 
Mln 
Max 
UnIts 
Test CondItIons 


T1 
Processor 
Clock 
I 
31.25 
125 
ns 
VIN= 
1.5V 
Period (CLK2) 


T2 
Processor 
Clock 
8 
ns 
VIL = 10% Point 
Low Time (CLK2) 
= 1.2V 


T3 
Processor 
Clock 
8 
ns 
VIH = 90% Point 
High Time (CLK2) 
= O.W + 0.5 vcc 


T4 
Processor 
Clock 
10 
ns 
VIN = 90% Point to 10% 
Fall Time (CLK2) 
Point 


Ts 
Processor 
Clock 
10 
ns 
VIN = 
10% Pointto 
90% 
Rise Time (CLK2) 
Point 


T6 
Output Valid 
2 
25 
ns 
CL = 100 pF (LAD) 
Delay 
CL = 75 pF (Controls) 


T6H 
HOLDA Output 
4 
31 
ns 
CL = 75 pF 
Valid Delay 


T7 
ArE Width 
15 
ns 
CL = 75 pF 


Ta 
ALE Output Valid Delay 
0 
20 
ns 
CL = 75 pF(2) 


Tg 
Output Float 
2 
20 
ns 
CL = 100 pF (LAD) 
Delay 
CL = 75 pF (Controls)(2) 


TgH 
HOLDA Output 
4 
20 
ns 
CL = 75pF 
Float Delay 


T10 
Input Setup 1 
3 
• 
ns 


T11 
Input Hold 
5 
ns 
I 


T11H 
HOLD Input 
4 
ns 
Hold 


T12 
Input Setup 2 
8 
ns 


T13 
Setup to ALE 
10 
ns 
CL = 
100 pF (LAD) 
Inactive 
CL = 75 pF (Controls) 


T14 
Hold after ALE 
8 
ns 
CL = 100 pF (LAD) 
Inactive 
CL = 75 pF (Controls) 


T1S 
Reset Hold 
3 
ns 


T16 
Reset Setup 
5 
ns 


Tl7 
Reset Width 
1281 
ns 
41 CLK2 Periods Minimum 


NOTES: 
1. ~/iJii!To. INT1• INT2I1NTR.iNi3 can be asynchronous. 
2. A float condition occurs when the maximum output current becomes less than ILO.Float delay is not tested. but should be 
no longer than the valid delay. 
3. Clock rise and fall time is not tested. 
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80960KA 
A.C. Characteristics 
(20 MHz) 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


T1 
Processor 
Clock 
25 
125 
ns 
VIN = 1.5V 
Period (CLK2) 


T2 
Processor 
Clock 
6 
ns 
VIL = 10% Point 
Low Time (CLK2) 
= 1.2V 


T3 
Processor 
Clock 
6 
ns 
VIH = 90% Point 
High Time (CLK2) 
= 0.1V + 0.5 vcc 


T4 
Processor 
Clock 
10 
ns 
VIN = 90% Point to 10% 
Fall Time (CLK2) 
, 
Point 


T5 
Processor 
Clock 
10 
ns 
VIN = 10% Point to 90% 
Rise Time (CLK2) 
Point 


T6 
Output Valid 
2 
20 
ns 
CL = 60 pF (LAD) 
Delay 
CL = 50 pF (Controls) 


T6H 
HOLDA Output 
4 
26 
ns 
CL = 50 pF 
Valid Delay 


T7 
ALE Width 
12 
ns 
CL = 50 pF 


Ta 
ALE Output Valid Delay 
0 
20 
ns 
CL = 50 pF(2) 


Ts 
Output Float 
2 
20 
ns 
CL = 60 pF (LAD) 
Delay 
CL = 50 pF (Controls)(2) 


TSH 
HOLDA Output 
4 
20 
ns 
CL = 50 pF 
Float Delay 


T10 
Input Setup 1 
3 
ns 
.. 


T11 
Input Hold 
5 
ns 
.. 
1 


T11H 
HOLD Input 
4 
ns 
- 
- 
~ 


Hold 
- 


T12 
Input Setup 2 
7 
ns 


T13 
Setup to ALE 
10 
ns 
CL = 60 pF (LAD) 
Inactive 
CL = 50 pF (Controls) 


T14 
Hold after ALE 
8 
ns 
CL = 60 pF (LAD) 
Inactive 
CL = 50 pF (Controls) 


T15 
Reset Hold 
3 
ns 


T16 
Reset Setup 
5 
ns 


T17 
Reset Width 
1025 
ns 
41 CLK2 Periods Minimum 


NOTES: 
1.lAC/iN'fo• 
INT1. INT2"NTR. INT3 can be asynchronous. 


2. A float condition 
occurs 
when the maximum 
output 
current 
becomes 
less than ILO. Float delay is not tested. 
but should 
be 
no longer 
than the valid delay. 


3. Clock 
rise and fall time is not tested. 


80960KA 
TRISTATE OUTPUT 


80960KA 
OPEN-DRAIN 
OUTPUT 
~ 
~2 
o-----r-L--•.• 
I.••• 
I--L---1••... 
~.I-I-O 
VREr 


CL 
~ 
270775-12 
10L Tested 
at 25 mA 
VREF = vcc 
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270775-13 


Figure 13. Test Load Circuit for 
TRI-STATE 
Output 
Pins 
Figure 14. Test Load Circuit for Open-Drain 
Output 
Pins 
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80960KA 
A.C. Characteristics 
(25 MHz) 


Symbol 
Parameter 
Min 
Max 
Units 
Test Conditions 


T1 
Processor 
Clock 
20 
125 
ns 
VIN = 1.5V 
Period (CLK2) 


T2 
Processor 
Clock 
5 
ns 
VIL = 10% Point 
Low Time (CLK2) 
= 1.2V 


T3 
Processor 
Clock 
5 
ns 
VIH = 90% Point 
High Time 
= 0.1V + 0.5 vcc 


T4 
Processor 
Clock 
10 
ns 
VIN = 90% Point to 10% 
Fall Time (CLK2) 
Point 


T5 
Processor 
Clock 
10 
ns 
VIN = 10% Point to 90% 
Rise Time (CLK2) 
Point 


T6 
Output Valid 
2 
18 
ns 
CL = 60 pF (LAD) 
Delay 
CL = 50 pF (Controls) 


T6H 
HOLDA Output 
. 


4 
24 
ns 
CL = 50 pF 
Valid Delay 


T7 
ALE Width 
12 
ns 
CL = 50 pF 


Ta 
ALE Output Valid Delay 
0 
20 
. 
. 
CL = 50 pF(2) 
ns 


T9 
Output Float 
2 
18 
ns 
CL = 60 pF (LAD) 
Delay 
CL = 50 pF (Controls) 


T9H 
HOLDA Output 
4 
20 
ns 
CL = 50pF 
Float Delay 
, 


T10 
Input Setup 1 
3 
ns 


T11 
Input Hold 
-~ 
5 
ns 


T11H 
HOLD Input 
4 
ns 
Hold 


T12 
Input Setup 2 
7 
ns 


T13 
Setup to ALE 
8 
ns 
CL = 60 pF (LAD) 
Inactive 
CL = 50 pF (Controls) 


T14 
Hold after ALE 
8 
ns 
CL = 60 pF (LAD) 
Inactive 
CL = 50 pF (Controls) 


T15 
Reset Hold 
3 
ns 


T16 
Reset Setup 


, 


5 
ns 


T17 
Reset Width 
820 
ns 
41 CLK2 Periods Minimum 


NOTES: 
1. lAC/INTO. INT1, INT2/INTR, TN"f'3 
can be asynchronous. 


2. A float condition occurs when the maximum output current becomes less than lLO.Float delay is not tested, but should be 
no longer than the valid delay. 
3. Clock rise and fall time is not tested. 
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Figure 15. Processor Clock Pulse (CLK2) 
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Figure 16. RESET Signal Timing 
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Figure 17. Hold Timing 


When designing an 80960KA hardware system that 
uses the ICE-960KS to debug the system, several 
electrical and mechanical characteristics should be 
considered. These considerations include capacitive 
loading, drive requirement, power requirement, and 
physical layout. 


Design Considerations 


Input hold times can be disregarded by the designer 
whenever the input is removed because a subse- 
quent output from the processor is deasserted (e.g., 
DEN becomes deasserted). 


Whenever the processor generates an output that 
indicates a transition into a subsequent state, any 
outputs that are specified to be tri-stated in this new 
state are guaranteed to be tri-stated. For example, in 
the Td cycle following§ 
cycle for a read, the mini- 
mum output delay of DEN is 2 ns, but the maximum 
float time of LAD is 20 ns. When DEN is asserted, 
however, the LAD outputs are guaranteed to have 
been tri-stated. 


Designing for the ICE-960KB 


The 80960KS In-Circuit Emulator assists in debug- 
ging both 80960KA and 80960KS hardware and 
software designs. The product consists of a probe 
module, cable, and control unit. Secause of the high 
operating frequency of 80960KA systems, the probe 
module connects directly to the 80960KA socket. 


The ICE-960KS probe module increases the load 
capacitance of each line by up to 25 pF. It also adds 
one standard Schottky TIL load on the CLK2 line, 
up to one advanced low-power Schottky TIL 
load 


for each control signal line, and one advanced low- 
power Schottky TIL load for each address/data and 
byte enable line. These loads originate from the 
probe module and are driven by the 80960KA proc- 
essor. 


To achieve high noise immunity, the ICE-960KS 
probe is powered by the user's system. The high- 
speed probe circuitry draws up to 1.1A plus the max- 
imum current (led of the 80960KA processor. 


The mechanical considerations are shown in Figure 
18, which illustrates the lateral clearance require- 
ments for the ICE-960KS probe as viewed from 
above the socket of the 80960KA processor. 
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Figure 18.ICE-960KB 
Lateral Clearance 
Requirements 


Package Dimensions 
and Mounting 


The 80960KA is available in two different packages: 
a 132-lead ceramic pin-grid array (PGA) and a 132- 
lead plastic quad flat pack (PQFP). Pins in the ce- 
ramic package are arranged 0.100 inch (2.54 mm) 
center-to-center, in a 14 by 14 matrix, three rows 
around. (See Figure 19.) The plastic package uses 
fine-pitch gull wing leads arranged in a single row 
along the perimeter of the package with 0.025 inch 
(0.64 mm) spacing. (See Figure 20.) Dimensions are 
given in Figure 21 and Table 7. 


There are a wide variety of sockets available for the 
ceramic PGA package including low-insertion or 
zero-insertion force mountings, and a choice of ter- 
minals such as soldertail, surface mount, or wire 
wrap. Several applicable sockets are shown in Fig- 
ure 22. 


The PQFP is normally surface mounted to take best 
advantage of the plastic package's small footprint 
and low cost. In some applications, however, de- 
signers may prefer to use a socket, either to improve 


heat dissipation or reduce repair costs. Figures 23a 
and 23b show two of the many sockets available. 


Pin Assignment 


The PGA and PQFP have different pin assignments. 
Figure 24 shows the view from the bottom of 
he 
PGA (pins facing up) and Figure 25 shows a view 
from the top of the PGA (pins facing down). Figures 
20 and 32 show the top view of the PQFP; notice 
that the pins are numbered in order from 1 to 132 
around the package's perimeter. Tables 5 and 6 list 
the function of each pin in the PGA, and Tables 8 
and 9 list the function of each pin in the PQFP. 


vcc and GND connections must be made to multi- 
ple vcc and GND pins. Each vcc and GND pin must 
be connected to the appropriate voltage or ground 
and externally strapped close to the package. We 
recommend that you include separate power and 
ground planes in your circuit board for power distri- 
bution. 


NOTE: 
Pins identified as N.C., "No Connect," should never 
be connected. The 80960KA PGA and PQFP pack- 
ages both contain 53 N.C. pins 
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SUPPORT 
COMPONENTS 
Package Thermal Specification 


The S0960KA is specified for operation when case 
temperature is within the range O·Cto +S5·C. The 
case temperature should be measured at the top 
center of the package as shown in Figure·26. 


The ambient temperature can be calculated from 0jc 
and 0ja by using the following equations: 


TJ = Tc + P'Ojc 
TA = TJ - 
P'Oja 
Tc = TA + P'[Oja - 
Ojcl 


Values for 0ja and 0jc are given in Table 10 for the 
PGA package.and in Table 11 for the PQFP for vari- 
ous airflows. Note that the 0ja for the PGA package 
can be reduced by adding a heatsink, while a heat- 
sink is not generally used with the plastic package 
since it is intended to be surface mounted. The max- 
imum allowable ambient temperature (TA) permitted 
without exceeding TC is shown by the charts in Fig- 
ures 27 through 30 for 10 MHz, 16 MHz, 20 MHz, 
and 25 MHz respectively. 


The curves assume the maximum permitted supply 
current (Icd 
at each speed, vcc of 5.0V, and a 
TCASEof + S5·C. 


If you will be using the S0960KA in a harsh environ- 
ment where the ambient temperature may exceed 
the limits for the normal commercial part, you should 
consider using an extended temperature part. These 
parts are designed by the prefix "TA" and are avail- 
able at 10 MHz, 16 MHz and 20 MHz in the ceramic 
PGA package. Figure 30 shows the maximum allow- 
able ambient temperature for the 20 MHz extended 
temperature TAS0960KA at various airflows. The 
curve assumes an Icc of 420 mA, Vcc of 5.0V, and a 
TCASEof + 125·C. 


WAVEFORMS 


Figures 32 through 37 show the waveforms for vari- 
ous transactions on the S0960KA's local bus. 


85C960 Burst Bus Controller 


The Intel S5C960 performs burst logic, ready gener- 
ation, and address decode for the S0960KA and 
S0960KB. The burst logic supports both standard 
and burst mode memories and peripherals. The 
ready generation and timing control supports 0 to 15 
wait states across eight address ranges for read/ 
write and burst accesses. The address decoder de- 
codes eight address inputs into four external and 
four internal chip selects. The wait state and chip 
select values may be programmed by the user; the 
timing control and burst logic are fixed. 


The 
S5C960 operates 
with 
the 
S0960KA and 
S0960KB at all frequencies and consumes only 
50 mA at 25 MHz. The S5C960is housed in a 2S-pin, 
300-mil ceramic DIP and plastic DIP packages or 2S- 
pin PLCC package for surface mount. In the ceramic 3 
DIP package the part is UV-erasable, which makes it 
easy to revise designs. Order the S5C960data sheet 
(No. 290192) for full details. 


27960KX 
Burst Mode EPROM 


Intel 27960KX one-megabit EPROM is designed 
specifically to support the S0960KA and S0960KB. It 
uses a burst interface to offer near zero wait-state 
performance without the high cost of alternative 
memory technologies. The 27960KX removes the 
need for "dumping" code and data stored in slow 
EPROMs or 
ROMs 
into 
expensive 
high-speed 
"shadow" RAM. 


Internally, the 27960KX is organized in blocks of four 
bytes that are accessed sequentially. The address 
of the four-byte block is latched and incremented 
internally. After a set number of wait-states (1 or 2), 
data is output one word at a time each subsequent 
clock cycle. High-performance outputs provide zero 
wait-state data-to-data burst accesses. Extra power 
and ground pins dedicated to the output reduce the 
effect of fast output switching on the device. The 
27960KX offers 1-0-0-0 performance at 20 MHz and 
2-0-0-0 performance at 25 MHz. Full details can be 
found in the 27960KX data sheet (No. 290237) 
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Figure 19. A 132-Lead 
Pin-Grid Array (PGA) Used to Package 
the 80960KA 
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o 


Figure 20. The 132-Lead 
Plastic Quad Flat Pack (PQFP) used to Package 
the 80960KA 
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Figure 21a. Principal Dimensions 
of the 132-Lead 
PQFP 
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Figure 21b. Details of the Moldlng of the 132-Lead 
PQFP 
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Figure 21c. Terminal 
Details for the 132·Lead 
PQFP 
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Figure 21d. Board Footprint 
Area for the 132·Lead 
PQFP 


Table 7. Package 
Dimension: 
80960KA 
PQFP 


Symbol 
Description 
Inches 
MM 


Mln 
Max 
Mln 
Max 


N 
Leadcount 
132 Leads 
132 Leads 


A 
Package 
Height 
0.160 
0.170 
4.060 
4.320 


A1 
Standoff 
0.020 
0.030 
0.510 
0.760 


D.E 
Terminal 
Dimension 
1.075 
1.085 
27.310 
27.560 


D1.E1 
Package Body 
0.947 
0.953 
24.050 
24.210 


D2.E2 
Bumper Distance 
Without 
Flash 
1.097 
1.103 
27.860 
28.010 
With Flash 
1.097 
1.110 
27.860 
28.190 


D3.E3 
Lead Dimension 
0.800 REF 
20.32 REF 


D4.E4 
Foot Radius Location 
1.023 
1.037 
25.890 
26.330 


L1 
Foot Length 
0.020 
0.030 
0.510 
0.760 
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• Low insertion 
force 
(LlF) 
soldertail 


55274-1 
• Amp 
tests 
indicate 
50% 
reduction 
in 


insertion 
force 
compared 
to 


machined 
sockets 
Other 
socket 
options 
• Zero 
insertion 
force 
(ZIF) 
soldertail 
55583-1 
• Zero 
insertion 
force 
(ZIF) 
Burn-in 
version 
55573-2 
Amp 
Incorporated 
(Harrisburg. 
PA 17105 
U.S.A. 


Phone 
717-564-0100) 


Peel-A-Way' 
Mylar 
and Kapton 
Socket 
Terminal 
Carriers 


• Low insertion force surface 
mount 
CS132-37TG 


• Low insertion 
force 
soldertail 
CS132-01TG 


• Low insertion force wire-wrap 
CS132-02TG 
(two-level) 


CS 132-03TG 
(thee-level) 


• Low insertion 
force 
press-fit 


CS132-05TG 


AdvanCed 
Interconnection. 


(5 Division 
Street) 
Warwick. 
RI 02818 
U.S.A. 


Phone 
401-885-0485) 


55274= 
1 
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Cam 
handle 
locks 
in low profile 
pcsition 
when 
80960KA 
is installed 
(handle 
UP 'for open 
and 
DOWN 
for closed 
pcsitions). 


Courtesy 
Amp Incorporated 


Peel-A-Way 
Carrier 
No. 132: 


Kapton 
Carrier 
is KS132 
Mylar 
Carrier 
is MS132 


Molded 
Plastic 
Body 
KS 132 


is shown 
below: 


FOOT PNHT HO. 111 


270775-26 


IOf..DDT ••.•..41 
LOWPROfU ..•• 
,. ••m4 
r B. r 


I 
.!:!! 
." 
..• 
..• 
:MO 
,-i 
. 
-l- 


Tti 
." 
~ 
-:iitaA. 
~ 
~~~.... 
- 


~A. 


"'="" 
Ei':!.. 


""I WIIIAP-ov-a 
IOl.DfJII 
T"'L-33 
IU"FACI"OUNTIHG 
.:11 


iJ 


PlIL-A-.AV 
!~ 


..• 
R 


·u 
..• 
....•. 


~ 


'iii1LnB. 
.!!l 
!!:!! .•• 
~-l~ 


.•• 
ILIIVIL 
~ 
.... 


270775-27 


Courtesy 
Advanced 
Interconnections 
(Peel-A-Way 
Terminal 
Carriers 
U.S. Patent 
No. 4442938) 


'Peel-A-Way 
is a trademark 
of Advanced 
Interconnections. 


Figure 22. Several Socket 
Options for Mounting 
the 80960KA 
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Figure 23a. AMP Mlcropltch 
Socket 
for the 132·Lead 
Plastic 
Quad Flat Pack, 0.025" Lead Spacing, 
Gull Wing Leads 
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Figure 23b. 3M Company 
PQFP Socket and Lld 
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Figure 24. 80960KA 
PGA Plnout-Vlew 
from Bottom 
(Pins Facing Up) 
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Figure 25. 80960KA 
PGA Plnout-Vlew 
from Top (Pins Facing Down) 
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Table 5. 80960KA 
PGA Plnout-In 
Pin Order 


Pin 
Signal 
Pin 
Signal 
Pin 
Signal 
Pin 
Signal 


A1 
Vcc 
C6 
LAD20 
H1 
W/R 
M10 
Vss 


A2 
Vss 
I 
C7 
.LAD13 
H2 
BEo 
M11 
Vcc 
A3 
LAD19 
C8 
LAD8 
H3 
,·LOCK 
M12 
N.C. 


A4 
LAD17 
, 


C9 
LAD3 
H12 
N.C. 
M13 
N.C. 


A5 
LAD16 
i 
C10 
Vcc 
H13 
N.C. 
M14 
N.C. 


A6 
LADf4 
C11 
Vss 
H14 
N.C. 
N1 
Vss 
A7 
LADll 
i 
C12 
INT3/INTA 
J1 
DT/R 
.N2 
N.C. 


I 
---' 
A8 
LAD9 
C13 
INTl 
J2 
BE2 
N3 
N.C. 


A9 
LAD? 
I 
C14 
lAC/INTo 
J3 
Vss 
N4 
N.C. 


A10 
LAD5 
01 
ALE 
J12 
N.C. 
N5 
N.C. 


A11 
LAD4 
02 
ADS 
J13 
N.C. 
N6 
N.C. 


A12 
LADl 
03 
HLDAlHLDR 
J14 
N.C. 
N7 
N.C. 


A13 
INT211NTR 
012 
Vcc 
K1 
BE3 
N8 
N.C. 


A14 
Vcc 
013 
N.C. 
K2 
FAILURE 
N9 
N.C. 


B1 
LAD23 
I 
014 
N.C. 
K3 
Vs's 
N10 
N.C. 


B2 
LAD24 
E1 
LAD28 
K12 
Vcc 
N11 
N.C. 


B3 
LAD22 
I 
E2 
LAD26 
K13 
N.C. 
N12 
N.C. 


B4 
LAD2l 
E3 
LAD2? 
K14 
N.C. 
N13 
N.C. 


B5 
LAD18 
E12 
N.C. 
L1 
DEN 
N14 
N.C. 


B6 
LAD15 
E13 
Vss 


. : 
L2 
N.C. 
P1 
Vcc 
B7 
LAD12 
E14 
N.C. 
L3 
Vcc 
P2 
N.C. 
B8 
LAD 10 
F1 
LAD29 
L12 
Vss 
P3 
N.C. 


B9 
LAD6 
F2 
LAD3l 
L13 
N.C. 
P4 
N.C. 
B10 
LAD2 
F3 
CACHE 
L14 
N.C. 
P5 
N.C. 
B11 
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r 
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N.C. 
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N.C. 
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N.C. 
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Vcc 
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N.C. 
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G3 
BEl 
M6 
N.C. 
P11 
N.C. 
C3 
BADAC 
I 
G12 
N.C. 
M7 
N.C. 
P12 
N.C. 


C4 
Vcc 
G13 
N.C. 
M8 
N.C. 
P13 
Vss 
C5 
Vss 
- 
G14 
N.C. 
M9 
N.C. 
P14 
Vcc 
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Table 6. 80960KA 
PGA Pinout-In 
Signal Order 


Signal 
Pin 
Signal 
.Pin 
Signal 
Pin 
Signal 
Pin 


ADS 
02 
LAD15 
B6 
N.G. 
J14 
N.G. 
P9 


ALE 
01 
LAD16 
A5 
N.G. 
K13 
N.G. 
P10 


BADAC 
G3 
LAD 17 
A4 
N.G. 
K14 
N.G. 
P11 


BEo 
H2 
LAD18 
B5 
N.G. 
L13 
N.G. 
P12 


BE1 
G3 
LAD19 
A3 
N.G. 
L14 
N.G. 
L2 


BE2 
J2 
LAD20 
G6 
N.G. 
M1 
READY 
G2 


BE3 
K1 
LAD21 
B4 
N.G. 
M6 
RESET 
B13 


GAGHE 
F3 
LAD22 
B3 
N.G. 
M7 
Vcc 
A1 


GLK2 
B11 
LAD23 
B1 
N.G. 
M8 
Vcc 
A14 


DEN 
L1 
LAD24 
B2 
N.G. 
M9 
Vcc 
C4 


DT/R 
J1 
LAD25 
G2 
N.G. 
M12 
Vcc 
G10 


FAILURE 
K2 
LAD26 
E2 
N.G. 
M13 
Vcc 
012 


HLDAlHOLDR 
03 
LAD27 
E3 
N.G. 
M14 
Vcc 
K12 


HOLD/HLDAR 
G1 
LAD28 
E1 
N.G. 
N2 
Vcc 
L3 


IAG/INTo 
G14 
LAD29 
F1 
N.G. 
N3 
Vcc 
M2 


INT1 
G13 
LAD30 
G1 
N.G. 
N4 
Vcc 
M5 


INT2/INTR 
A13 
LAD31 
F2 
N.G. 
N5 
Vcc 
M11 


INT3/1NTA 
G12 
LOGK 
H3 
N.G. 
N6 
Vcc 
P1 


LADo 
B12 
N.G. 
013 
N.G. 
N7 
Vcc 
P14 


LAD1 
A12 
N.G. 
014 
N.G. 
N8 
Vss 
A2 


LAD2 
B10 
N.G. 
E12 
N.G. 
N9 
Vss 
B14 


LAD3 
G9 
N.G. 
E14 
N.G. 
N10 
Vss 
G5 


LAD4 
A11 
N.G. 
F12 
N.G. 
N11 
Vss 
G11 


LAD5 
A10 
N.G.. 
F13 
N.G. 
N12 
Vss 
E13 


LAD6 
B9 
N.G. 
F14 
N.G. 
N13 
Vss 
J3 


LAD7 
A9 
N.G. 
G12 
N.G. 
N14 
Vss 
K3 


LAD8 
G8 
N.G. 
G13 
N.G. 
P2 
Vss 
L12 


LAD9 
A8 
N.G. 
G14 
N.G. 
P3 
Vss 
M3 


LAD10 
B8 
N.G. 
H12 
N.G. 
P4 
- 
Vss 
M4 


LAD 11 
A7 
N.G. 
H13 
N.G. 
P5 
Vss 
M10 


LAD12 
B7 
N.G. 
H14 
N.G. 
P6 
Vss 
N1 


LAD13 
G7 
N.G. 
J12 
N.G. 
P7 
Vss 
P13 


LAD14 
, 
A6 
N.G. 
J13 
N.G. 
P8 
W/R 
H1 
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MEASURE 
PGA CASE TEMPERATURE 
AT CENTER OF TOP SURFACE 
MEASURE 
PQFP TEMPERATURE 
AT 
CENTER OF TOP SURFACE 
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Figure 26. Measuring 
80960KA 
PGA and PQFP Case Temperature 
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Figure 27. Maximum 
Allowable 
Temperature 
for the 80960KA 
at 10 MHz In either PGA or PQFP 
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Figure 28. Maximum 
Allowable 
Ambient 
Temperature 
for the 80960KA 
at 16 MHz In either PGA or PQFP 
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Figure 29. Maximum 
Allowable 
Ambient 
Temperature 
for the 80960KA 
at 20 MHz In either PGA or PQFP 
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Figure 30. Maximum 
Allowable 
Ambient 
Temperature 
for 
the 80960KA 
at 25 MHz (available 
In PGA only) 
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Flgure.31. 
Maximum 
Allowable 
Ambient 
Temperature 
for the Extended 
Temperature 
TA-80960KA 
at 20 MHz (available 
In PGA only) 
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Figure 32. 80960KA 
PQFP Plnout-Vlew 
from liop 
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Table 8. 80960KA 
Plastic Package 
Pinout-In 
Pin Order 


Pin 
Signal 
Pin 
Signal 
Pin 
Signal 
Pin 
Signal 


1 
HLDAlHOLDR 
34 
N.G. 
67 
Vss 
100 
LADO 


2 
ALE 
35 
Vcc 
68 
Vss 
'c 
101 
LAD1 


3 
LAD26 
36 
Vcc 
69 
N.G. 
102 
LAD2 


4 
LAD27 
37 
N.G. 
70 
Vcc 
103 
Vss 


5 
LAD28 
38 
N.G. 
71 
Vcc 
104 
LAD3 


6 
LAD29 
39 
N.G. 
72 
N.G. 
105 
LAD4 


7 
LAD30 
40 
N.G. 
73 
N.G. 
106 
LAD5 


8 
LAD31 
41 
N.G. 
74 
N.G. 
107 
LAD6 


9 
Vss 
42 
N.G. 
75 
N.G. 
108 
LAD7 


10 
GAGHE 
43 
N.G. 
76 
N.G. 
109 
LAD8 


11 
W/R 
44 
N.G. 
77 
N.G. 
110 
LAD9 


12 
READY 
45 
N.G. 
78 
N.G. 
111 
LAD10 


13 
DT/R 
46 
N.G. 
79 
Vss 
112 
LAD11 


14 
BEO 
47 
N.G. 
80 
Vss 
113 
LAD12 


15 
BE1 
48 
N.G. 
81 
N.G. 
114 
Vss 


16 
BE2 
49 
N.G. 
82 
Vcc 
115 
LAD13 


17 
BE3 
50 
N.G. 
83 
Vcc 
116 
LAD14 


18 
FAILURE 
51 
N.G. 
84 
N.G. 
117 
LAD15 


19 
Vss 
52 
Vss 
85 
IAG/INTO 
118 
LAD16 


20 
LOCK 
53 
Vss 
86 
INT1 
119 
LAD17 


21 
DEN 
54 
N.G. 
87 
INT211NTR 
120 
LAD18 


22 
DEBUG 
55 
Vcc 
88 
INT3/INTA 
121 
LAD19 


23 
N.G. 
56 
Vcc 
89 
N.G. 
122 
LAD20 


24 
N.G. 
57 
N.G. 
90 
Vss 
123 
LAD21 


25 
N.G. 
58 
N.G. 
91 
GLK2 
124 
LAD22 


26 
Vss 
- 
59 
N.G. 
92 
Vcc 
125 
Vss 
27 
Vss· 
60 
N.G. 
93 
RESET 
126 
LAD23 


28 
N.G. 
61 
N.G. 
94 
N.G. 
127 
LAD24 


29 
Vcc 
62 
N.G. 
95 
N.G. 
128 
LAD25 


30 
Vcc 
63 
N.G. 
96 
N.G. 
129 
BADAG 


31 
N.G. 
64 
N.G. 
97 
N.G. 
130 
HOLD/HLDAR 


32 
Vss 
65 
N.G. 
98 
N.G. 
131 
N.C. 


33 
Vss 
66 
N.G. 
99 
N.G. 
132 
ADS 
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Signal 
Pin 
Signal 
Pin 
Signal 
Pin 
Signal 
Pin 


ADS 
132 
LAD22 
124 
N.G. 
46 
N.G. 
99 


ALE 
2 
LAD23 
126 
N.G. 
47 
N.G. 
131 


BADAG 
129 
LAD24 
127 
N.G. 
48 
READY 
12 


BEO 
14 
LAD25 
128 
N.G. 
49 
RESET 
·93 


BE1 
15 
LAD26 
3 
N.G. 
50 
Vcc 
29 


BE2 
1:- 
16 
LAD27 
4 
N.G. 
51 
VCC 
30 


BE3 
17 
LAD28 
5 
N.G. 
54 
Vcc 
35 


GAGHE 
10 
LAD29 
6 
N.G. 
57 
VCC 
36 


GLK2 
91 
LAD3 
104 
N.G. 
58 
VCC 
55 


DEN 
21 
LAD30 
7 
N.G. 
59 
VCC 
56 


DT/R 
13 
LAD31 
8 
N.G. 
60 
VCC 
70 


FAILURE 
18 
LAD4 
105 
N.G. 
61 
VCC 
71 • 


HLDAlHOLDR 
1 
LAD5 
106 
N.G. 
62 
VCC 
82 


HOLD/HLDAR 
130 
LAD6 
107 
N.G. 
63 
VCC 
83 


IAG/INTO 
85 
LAD7 
108 
N.G. 
64 
Vcc 
92 


INT1 
86 
LAD8 
109 
N.G. 
65 
VSS 
9 


INT2/INTR 
87 
LAD9 
110 
N.G. 
66 
VSS 
19 


INT3/INTA 
88 
LOGK 
20 
N.G. 
69 
VSS 
22 


LADO 
100 
N.G. 
23 
N.G. 
72 
VSS 
26 


LAD1 
101 
N.G. 
24 
N.G. 
73 
VSS 
27 


LAD10 
111 
N.G. 
25 
N.G. 
74 
VSS 
32 


LAD11 
112 
N.G. 
28 
N.G. 
75 
VSS 
33 


LAD12 
113 
N.G. 
31 
N.G. 
76 
VSS 
52 


LAD13 
115 
N.G. 
34 
N.G. 
77 
Vss 
53 


LAD14 
116 
N.G. 
37 
N.G. 
78 
Vss 
67 


LAD15 
117 
N.G. 
38 
N.G. 
81 
VSS 
68 


LAD16 
118 
N.G. 
39 
N.G. 
84 
VSS 
79 


LAD17 
119 
N.G. 
40 
N.G. 
89 
VSS 
80 


LAD18 
120 
N.G. 
41 
N.G. 
94 
VSS 
90 


LAD19 
121 
N.G. 
'42 
N.G. 
95 
VSS' 
103 


LAD2 
102 
N.G. 
43 
N.G. 
96 
VSS 
114 


LAD20 
122 
N.G. 
44 
N.G. 
97 
VSS 
125 


LAD21 
123 
N.G. 
45 
N.G. 
98 
W/R 
11 


Table 9. 80960KA 
Plastic Package 
Plnout-In 
Signal Order 
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Table 10. 80960KA PGA Package Thermal Characteristics 
. 


Thermal Resistance-'C/Watt 


Airflow-ft.lmln 
(m/sec) 
Parameter 
0 
50 
100 
200 
400 
600 
800 
(0) (0.25) (0.50) (1.01) (2.03) (3.04) (4.06) 
'Jo 
6 Junction-to-Case 
'.le 
(Case Measured 
2 
2 
2 
2 
2 
2 
2 
'Jpl" 
" 
as shown in Figure 26) 
I 
'J cap I 
6 Case-to-Ambient 
19 
18 
17 
15 
12 
10 
9 
UUl 
UUU 
(No Heatsink) 


6 Case-to-Ambient 
270775·38 


(with Omnidirectional 
16 
15 
14 
12 
9 
7 
6 
Heatsink) 


6 Case-to-Ambient 
(with Unidirectional) 
15 
14 
13 
11 
8 
6 
5 
Heatsink) 


NOTES: 
1. This table applies to 80960KA PGA 
3. IIJ-CAP = 4'C/w (approx.) 
- 


plugged into socket or soldered di- 
IIJ-PIN = 4'C/w (inner pins) (approx.) 
rectly into board. 
IIJ-PIN = 8'C/w (outer pins) (approx.) 


2.IIJA 
= IIJC + IICA· 


Table 11.80960KA PQFP Package Thermal Characteristics 


PQFPThermal Reslstance-'C/Watt 


Airflow-ft.lmln 
(m/sec) 
Parameter 
o 
50 
100 
200 
400 
600 
800 
(0) (0.25) (0.50) (1.01) (2.03) (3.04) (4.06) 


6 Junction-to-Case 
(Case Measured 
6 
6 
6 
6 
6 
6 
6 
as shown in Figure 26) 


6 Case-to-Ambient 
20 
19 
18 
16 
13 
11 
10 
(No Heatsink) 


NOTES: 
1. This 
table 
applies to 
80960KA 
3. IIJL = 18'C/Watt 
PQFP soldered directly into board. 
IIJB = 18'C/Watt 
2. IIJA = IIJC + IICA' 


270775-39 


3-50 


80960KA 


To 
Td 
r, 


CLK2 


CLK 


LAD31- 


LADO 


ALE 


ADS 


BE3-BEo 


W/ii. 


DT/R 


DEN 


READY 
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Figure 32. Read Transaction 
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270775-40 


Figure 33. Write Transaction 
with One Wait State 
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T, 
r, 
T. 
T. 
T. 


CLK2 


CLK 


UD31- 


LADO 


ALE 


ADS 


BEl-ilEa 


W/f< 


DT/f< 


D£N 


READY 


Figure 34. Burst Read Transaction 
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Two 


CLK2 


CLK 


LAD31- 


LAOO 


w/P. 


OT/P. 
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Figure 35. Burst Write Transaction 
with One Wait State 


3-53 


• 


intJ 
80960KA 


r 


PREVIOUSt 
INTERRUPT 
~ 
IDLE -t 
INTERRUPT j 
CYCLE 
ACKNOWLEDGEIIENT 
(5 
BUS 
STATES) 
ACKNOWLEDGEIIENT 


CYCLE 
1 
CYCLE 2 


T 
T 
To 
Td 
T, 
TI 
TI 
TI 
TI 
TI 
To 
Td 
Tw 
T, 


CLK 
./\ 
•..J~ 
~ 
~ 
~ 
~ rx,r-,~ 
~ 
~ 
~ 
~ 
~ 
h 


-...J 
~"-.'0 
-0,."-."-.~ 10.."-."-.'0-0,."-.",~ 
0..'" '" '" 
"''''''-."-': 10.."-."-.'0f0,."-."-."-': 0.."-."-.'0 -0,."-."-."-': 10.."-."-."-.'" 
f0,."-."-."-': ~ 


- 
- - - -I..... 
..:0..'"'" ~ '"'" '" ~ Ne 
ADOR x-...'"~ 
,'" '" 0.."''''~ '"'" '" ~ 10.."'''''"'\ 0-..'" '" '" I:X 
ADDR ~ 
'" '" 
'XVECTOR~ 
- 
- - - - 
V 
V 


"- 
- 


"-- V 
"-- IJ 


\. 
/ 
r:f-- 


- 


~ 
~ 
0-..'" '" '" 10.."''''''' ,~ 
0..'" '" '" '\ ,'" '" '" '" 10..'" '"'" '\ 0-..'\ 


r:i-- 
x.,V 
'\ 
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NOTE: 
INTR can go low no sooner than 5 ns (input hold time) following the beginning of interrupt acknowledgement cycle 1. 
For a second interrupt to be acknowledged, INTR must be low for at least three cycles before it can be reasserted. 


Figure 36. Interrupt 
Acknowledge 
Transaction 
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se•• sus 


STATE 


To 
Td 
Td 
Th 


Th,. 
Th,. 
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Th,. 
T, 
T, 


ClK 
J~ 
~ 
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~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
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X 
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X DATA 
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Y• 
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-~ 
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, 
/L 
~ 
.> 
! 
---- 


11 
~ 
t., ~ 
'----' 
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/ 
\. 
/ 
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W!R 


PS•• ALE 


se•• ALE 


se •• 


HOLDR 
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HOLD 


PS" 
HLOA 


se•• 


HLDAR 


Figure 37. Bus Exchange 
Transaction 
(PBM = Primary Bus Master, SBM = Secondary 
Bus Master) 
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80960KB 
EMBEDDED 32-BIT PROCESSOR 
WITH INTEGRATED FLOATING-POINT 
UNIT 
• High-Performance 
Embedded 
• Multiple Register Sets 
Architecture 
- 
Sixteen Global 32-Blt Registers 
- 
25 MIPS Burst Execution at 25 MHz 
- 
Sixteen Local 32-Blt Registers 
- 
9.4 MIPS· Sustained Execution at 
- 
Four Local Register Sets Stored 
25 MHz 
On-Chip 
• On-Chip Floating-Point 
Unit 
- 
Register Score boarding 


- 
Supports IEEE 754 Standard 
• Built-In Interrupt Controller 
- 
Four 80-Blt Registers 
- 
32 Priority Levels 256 Vectors 
- 
5.2 Million Whetstones/s 
at 
- 
Supports 8259A 
25 MHz 
- 
3.4 J.tsLatency 
• 512-Byte On-Chip Instruction 
Cache 
• Easy to Use, High Bandwidth 32-Blt Bus 
- 
Direct Mapped 
- 
66.7 MBytes/s 
Burst 
- 
Parallel Load/Decode 
for Uncached 
- 
Up to 16-Bytes Transferred 
per Burst 
Instructions 
• Uses 85C960 Bus Controller 
• 4 Glgabyte, Linear Address Space 
• Supported by 27960KX Burst EPROMs 
• 132-Lead PGA and PQFP Packages 


The 80960KB 
is the first member 
of Intel's 
new 32-bit processor 
family, 
the i960 series, which 
is designed 
especially 
for embedded 
applications. 
It is based on the family's 
high performance, 
common 
core architecture, 


and includes 
a 512-byte 
instruction 
cache, 
a built-in interrupt 
controller, 
and an integrated 
floating-point 
unit. 


The 80960KB 
has a large register set, multiple parallel execution 
units, and a high-bandwidth, 
burst bus. Using 
advanced 
RiSe technology, 
this high performance 
processor 
is capable 
of execution 
rates in excess 
of 9.4 
million 
instructions 
per second.' 
The 
80960KB 
is well-suited 
for a wide 
range 
of embedded 
applications, 


including 
laser printers, 
image processing, 
industrial 
control, 
robotics, 
and telecommunications. 


'Relative 
to Digital 
Equipment 
Corporation's 
VAX-11 /780·· 
at 1 MIPS 


BUS 


CONTROL 
r-----~~------~----------I-L-----~r_--~ 
L~ 
AND 
INTERRUPT 
32-BIT 
CONTROLLER 
BURST 
BUS 


270565-1 


Figure 1.The 80960KB's Highly Parallel Mlcroarchltecture 


• ·VAX-11 TM is a trademark 
of Digital 
Equipment 
Corporation. 
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THE 960 SERIES 
All members 
of the 80960 
series 
share a common 


core architecture 
which 
utilizes 
RISC technology 
so 


that, 
except 
for special 
functions, 
the family 
mem- 
bers are object 
code compatible. 
Each new proces- 
sor in the series will add its own·special 
set of func- 
tions 
to the core to satisfy 
the needs 
of a specific 
application 
or range of applications 
in the embedded 


market. 
For example, 
future processors 
may include 
a DMA controller, 
a timer, or an AID 
converter. 


The 80960KB 
is the first member 
of a new family of 
32-bit microprocessors 
from Intel known as the 960 
Series. This series was especially 
designed 
to serve 
the 
needs 
of embedded 
applications. 
The 
embed- 
ded 
market 
includes 
applications 
as diverse 
as in- 
dustrial 
automation, 
avionics, 
image 
processing, 
graphics, 
robotics, 
telecommunications, 
and' auto- 
mobiles. 
These 
types 
cif applications 
require 
high 


integration, 
low power 
consumption, 
quick 
interrupt 
response 
times, 
and high performance. 
Since 
time 
to 
market 
is 
critical, 
embedded 
microprocessors 
need to be easy to use in both hardware 
and soft- 
ware designs. 


The 80960KB 
includes 
an' integrated 
floating-point 
unit. Intel also offers a pin-compatible 
version, 
called 
the 80960KA, 
without 
an FPU, and a military-grade 
version, 
the 
80960MC, 
with 
support 
for 
memory 
management, 
mutitasking, 
multiprocessing, 
and fault 
tolerance. 


o 


ADDRESS 
SPACE 


gO 


SIXTEEN 
GLOBAL 
32-BIT 
REGISTERS(1) 


REGISTERS 


g15 


fpO 


FOUR 80-BIT REGISTERS 


fp3 


e_ 


rO 


SIXTEEN 
LOCAL 
32-BIT- 
REGISTERS(2) 
REGISTERS 


r15 


FLOATING- 
POINT 
REGISTERS 


32-BITS 
ARITHMETIC 
CONTROLS 


32-BITS 
INSTRUCTION 
POINTER 


32-BITS 
PROCESS CONTROLS 


32-BITS 
I TRACE CONTROLS 


NOTES: 
1, Register 
g15 is reserved 
for stack 
management 
functions, 
2, Registers 
ro, r1, and r2 are 
reserved 
for stack 
management 
functions. 


Figure 2. Register 
Set 
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The 80960KB's architecture is based on the most 
recent advances in RiSe technology and is ground- 
ed in Intel's long experience in designing embedded 
controllers. 
Many 
features 
contribute 
to 
the 
80960KB's exceptional performance: 


1. Large Register Set. Having a large number of 
registers reduces the number of times that a proces- 
sor needs to access memory. Modern compilers can 
take advantage of this feature to optimize execution 
speed. For maximum flexibility, the 80960KB pro- 
vides 32 32·bit registers and four 8P-bit floating· 
point registers. (See Figure 2.) 


2. Fast Instruction Execution. Simple functions 
make up the bulk of instructions in most programs, 


so that execution speed can be greatly improved by 
ensuring that these core instructions execute in as 
short a time as possible. The most-frequently exe- 
cuted instructions such as register-register moves, 
add/subtract, logical operations, and shifts execute 
in one to two cycles (Table 1 contains a list of in- 
structions.) 


3. Load/Store Architecture. Like other processors 
based on RiSe technology, the 80960KB has a 
Load/Store architecture, only the LOAD and STORE 
instructions reference memory; all other instructions 
operate on registers. This type of architecture simpli- 
fies instruction decoding and is used in combination 
with other techniques to increase parallelism. 
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Table 
1. 80960KB 
Instruction 
Set 


Data Movement 
Arithmetic 
Logical 
Bit and Bit 
Field 


Load 
Add 
And 
Set Bit 
Store 
Subtract 
Not And 
Clear Bit 
Move 
Multiply 
And Not 
Not Bit 
Load Address 
Divide 
Or 
, 
Check Bit 
Remainder 
Exclusive 
Or 
Alter Bit 
Modulo 
Not Or 
Scan for Bit 
Shift 
Or Not 
Scan over Bit 
Extended 
Multiply 
Nor 
Extract 
Extended 
Divide 
Exclusive 
Nor 
Modify 
Not 
Nand 
Rotate 


Comparison 
Branch 
Call/Return 
Fault 


Compare 
Unconditional 
Call 
Conditional 
Fault 
Conditional 
Branch 
Call Extended 
Synchronize 
Faults 
Compare 
Conditional 
Branch 
Call System 
Compare 
and 
Compare 
and 
Return 
Increment 
Branch 
Branch and Link 
Compare 
and 
le 


Decrement 
, 


Debug 
Miscellaneous 
Decimal 


Modify Trace 
Atomic Add 
Move 
Controls 
Atomic Modify 
Add with Carry 
Mark 
Flush Local Registers 
Subtract 
with Carry 
Force Mark 
Modify Arithmetic 
Controls 
Modify Process Controls 
Scan Byte for Equal 
Test Condition 
Code 


Conversion 
Floating-Point 
Synchronous 


Convert 
Real to Integer 
Move Real 
Synchronous 
Load 
Convert 
Integer to Real 
Add 
Synchronous 
Move 
Subtract 
Multiply 
Divide 
Remainder 
Scale 
Round 
Square Root 
Sine 
Cosine 
Tangent 
Arctangent 
Log 
Log Binary 
Log Natural 
Exponent 
Classify 
Copy Real Extended 
Compare 
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4. Simple Instruction 
Formats. All instructions in 
the 80960KB are 32-bits long and must be aligned 
on word boundaries. This alignment makes it possi- 
ble to eliminate the instruction-alignment stage in 
the pipeline. To simplify the instruction decoder fur- 
ther, there are only five instruction formats and each 
instruction uses only one format. (See Figure 3.) 


, 


5. Overlapped Instruction 
Execution. A load oper- 
ation allows execution of subsequent instructions to 
continue before the data has been returned from 
memory, so that these instructions can overlap the 
load. The 80960KB manages this process transpar- 
ently to software through the use of a register score- 
board. Conditional instructions also make use of a 
scoreboard so that subsequent unrelated instruc- 
tions can be executed while the conditional instruc- 
tion is pending. 


6. Integer Execution 
Optimization. 
When the re- 
sult of an operation is used as an operand in a sub- 
sequent calculation, the value is sent immediately to 
its destination register. Yet at the same time, the 
value is put back on a bypass path to the ALU, 
thereby saving the time that otherwise would be re- 
quired to retrieve the value for the next operation. 


7. Bandwidth 
Optimizatlons. 
The 80960KB gets 
optimal use of its memory bus bandwidth because 
the bus is tuned for use with the cache: the line size 
of the instruction cache matches the maximum burst 
size for instruction fetches. The 80960KB automati- 
cally fetches four words in a burst and stores them 
directly in the cache. Due to the size of the cache 
and the fact that it is continually filled in anticipation 
of needed instructions in the program flow, the 
80960KB is exceptionally insensitive to memory wait 
states. In fact, each wait state causes only a 7% 
degradation in system perfomance. The benefit is 
that the 80960KB will deliver outstanding perform- 
ance even with a low cost memory system. 


8. Cache Bypass. If there is a cache miss, the proc- 
essor fetches the needed instruction, then sends it 
on to the instruction decoder at the same time it 
updates the cache. Thus, no extra time is taken to 
load and read the cache. 


Memory Space and Addressing Modes 


The 80960KB offers a linear programming environ- 
ment so that all programs running on the processor 
are contained in a single address space. The maxi- 
mum size of the address space is 4 Gigabytes (232 
bytes). 


For ease of use, the 80960KB has a small number of 
addressing modes, but includes all those necessary 


to ensure efficient compiler implementations of high- 
level languages such as C, Fortran and Ada. Table 2 
lists the memory addressing modes. 


Data Types 


The 80960KB recognizes the following data types: 


Numeric: 
• 8-, 16-, 32- and 64-bit ordinals 
• 8-, 16, 32- and 64-bit integers 
• 32-, 64- and 80-bit real numbers 


Non-Numeric: 
• Bit 
• Bit Field 
• Triple-Word (96 bits) 
• Quad-Word (128 bits) 


Large Register Set 


The programming environment of the 80960KB in- 
cludes a large number of registers. In fact, 36 regis- 
ters are available at any time. The availability of this 
many registers greatly reduces the number of mem- 
ory accesses required to execute most programs, 
which leads to greater instruction processing speed. 


There are two types of general-purpose registers: 
local and global. The 20 global registers consist of 
sixteen 32-bit registers (GO through G15) and four 
80-bit registers (FPOthrough FP3). These registers 
perform the same function as the general-purpose 
registers provided in other popular microprocessors. 
The term global refers to the fact that these regis- 
ters retain their contents across procedure calls. 


The local registers, on the other hand, are proce- 
dure specific. For each procedure call, the 80960KB 
allocates 16 local registers (ROthrough R15). Each 
local register is 32 bits wide. Any register can also 
be used for single or double-precision floating-point 
operations; the 80-bit floating-point registers are pro- 
vided for extended precision. 


Multiple Register Sets 


To further increase the efficiency of the register set, 
multiple sets of local registers are stored on-chip. 
This cache holds up to four local register frames, 
which means that up to three procedure calls can be 
made without having to access the procedure stack 
resident in memory. 


Although programs may have procedure calls nest- 
ed many calls deep, a program typically oscillates 
back and forth between only two or three levels. As 
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Table 2. Memory 
Addressing 
Modes 


• 12-Bit Offset 


• 32-Bit Offset 
• Register-Indirect 
• Register + 12-Bit Offset 


• Register + 32-Bit Offset 
• Register + (Index-Register x Scale-Factor) 
• Register x Scale Factor + 32-Bit Displacement 
• Register + (Index-Register x Scale-Factor) + 32-Bit Displacement 


Scale-Factor is 1, 2, 4, 8 or 16 


a result, with four stack frames in the cache, the 
probability of there being a free frame on the cache 
when a 'call is made is very high. In fact, runs of 
representative C-Ianguageprograms show that 80% 
of the calls are handled without needing to access 
memory. 


If there are four or more active procedures and a 
new procedure is called, the processor moves the 
oldest set.of local registers in the register cache to a 


REGISTER 
CACHE 


ONEOFFOUR 
LOCAL 


REGISTER SETS 
• t--"""':~1-""",,::---_ 


procedure stack in memory to make room for a new 
set of registers. Global register G15 is used by the 
processor as the frame pointer (FP) for the proce- 
dure stack. 


Note that the global and floating-point registers are 3 
not exchanged on a procedure call, but retain their 
contents, making them available to all procedures 
for fast parameter passing. An illustration of the reg- 
ister cache is shown in Figure 4. 


--r-----------~~--~RO 


't... 
.•••R 
15 
31 
o 
270565-2 


Figure 4. Multiple Register 
Sets Are Stored 
On-Chip 
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To further reduce memory accesses, the 80960KB 
includes a 512-byte on-chip instruction cache. The 
instruction cache is based on the concept of locality 
of reference; that is, most programs are not usually 
executed in a steady stream but consist of many 
branches and loops that lead to jumping back and 
forth within the same small section of code. Thus, by 
maintaining a block of instructions in a cache, the 
number of memory references required to read in- 
structions into the processor can be greatly reduced. 


To 
load the 
instruction cache, 
instructions are 
fetched in 16-byte blocks, so that up to four instruc- 
tions can be fetched at one time. An efficient 
prefetch algorithm increases the probability that an 
instruction will already be in the cache when it is 
needed. 


Code for small loops will often fit entirely within the 
cache, leading to a great increase in processing 
speed since further memory references might not be 
necessary until the program exits the loop. Similarly, 
when calling short procedures, the code for the call- 
ing procedure is likely to remain in the cache, so it 
will be there on the procedure's return. 


Register Scoreboardlng 


The instruction decoder has been optimized in sev- 
eral ways. One of these optimizations is the ability to 
do instruction overlapping by means of register 
scoreboarding. 


Register scoreboarding occurs when a LOAD in- 
struction is executed to move a variable from memo- 
ry into a register. When the instruction is initiated, a 
scoreboard bit on the target register is set. When the 
register is actually loaded, the bit is reset. In be- 
tween, any reference to the register contents is ac- 
companied by a test of the scoreboard bit to insure 
that the load has completed before processing con- 
tinues. Since the processor does not have to wait for 
the LOAD to be completed, it can go on to execute 
additional instructions placed in between the LOAD 
instruction and the instruction that uses the register 
contents, as shown in the following example: 


LOAD R4, address 1 
LOAD R5, address 2 
Unrelated instruction 
Unrelated instruction 
ADD R4, R5, R6 


In essence, the two unrelated instructions between 
the LOAD and ADD instructions are executed for 
free (Le.,take no apparent time to execute) because 
they are executed while the register is being loaded. 
Up to three LOAD instructions can be pending at 
one time with three corresponding scoreboard bits 
set. By exploiting this feature, system programmers 
and compilers have a useful tool for optimizing exe- 
cution speed. 


Floating-Point 
Arithmetic 


In the 80960KB, floating-point arithmetic has been 
made an integral part of the architecture. Having the 
floating-point unit integrated on-chip provides two 
advantages. First, it improves the performance of 
the chip for floating-point applications, since no 
additional bus overhead is associated with floating- 
point calculations, thereby leaving more time for oth- 
er bus operations such as I/O. Second, the cost of 
using floating-point operations is reduced because a 
separate coprocessor chip is not required. 


The 80960KB floating-point (real number) data types 
include single-precision (32-bit), double-precision 
(64-bit), and extended precision (80-bit) floating- 
point numbers. Any register may be used to execute 
floating-point operations. 


The processor provides hardware support for both 
mandatory and recommended portions of 
IEEE 
Standard 754 for floating-point arithmetic, including 
all arithmetic, exponential, logarithmic, and other 
transcendental functions. Table 3 shows execution 
times for some representative instructions. 


Table 3. Sample Floatlng·Polnt 
Execution 
Times (jJ-s) at 25 MHz 


32·Blt 
64·Blt 


Add 
0.4 
0.5 
Subtract 
0.4 
0.5 
Multiply 
0.7 
1.3 
Divide 
1.3 
2.9 


Square Root 
3.7 
3.9 
Arctangent 
10.1 
13.1 
Exponent 
11.3 
12.5 
Sine 
15.2 
16.6 
Cosine 
15.2 
16.6 
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High Bandwidth 
Local Bus 


An 80960KB CPU resides on a high-bandwidth ad- 
dress/data bus known as the local bus (L-Bus). The 
L-Bus provides a direct communication path be- 
tween the processor and the memory and I/O sub- 
system interfaces. The processor uses the local bus 
to fetch instructions, manipulate memory, and re- 
spond to interrupts. Its features include: 


• 32-bit multiplexed address/data path 
• Four-word burst capability, which allows transfers 
from 1 to 16 bytes at a time 


• High bandwidth reads and writes at 66.7 MBytes 
per second 
• Special signal to indicate whether a memory 
transaction can be cached 


Figure 5 identifies the groups of signals which con- 
stitute the L-Bus. Table 4 lists the function of the L- 
Bus and other processor-support signals, such as 
the interrupt lines. 


Interrupt 
Handling 


The 80960KB can be interrupted in one of two ways: 
by the activation of one of four interrupt pins or by 
sending a message on the processor's data bus. 


The 80960KB is unusual in that it automatically han- 
dles interrupts on a priority basis and .trackspending 
interrupts through its on-chip interrupt controller. 
Two of the interrupt pins can be configured to pro- 
vide 8259A handshaking for expansion beyond four 
interrupt lines. 


Debug Features 


The 80960KB has built-in debug capabilities. There 
are two types of breakpoints and six different trace 
modes. The debug features are controlled by two 
internal 32-bit registers, the Process-Controls Word 
and the Trace-Controls Word. By setting bits in 
these control words, a software debug monitor can 
closely control how the processor responds during 
program execution. 


The 80960KB has both hardware and software 
breakpoints. It provides two hardware breakpoint 
registers on-chip which can be set by a special com- 
mand to any value. When the instruction pointer 
matches the value in one of the breakpoint registers, 
the breakpoint will fire, and a breakpoint handling 
routine is called automatically. 


The 80960KB also provides software breakpoints 
through the use of two instructions, MARK and 
FMARK. These instructions can be placed at any • 
point in a program and will cause the processor to 
halt execution at that point and call the breakpoint 
handling routine. The breakpoint mechanism is easy 
to use and provides a powerful debugging tool. 


Tracing is available for instructions (single-step exe- 
cution), calls and returns, and branching. Each dif- 
ferent type of trace may be enabled separately by a 
special 
debug 
instruction. 
In 
each 
case, 
the 


80960KB executes the instruction first and then 
calls a trace handling routine (usually part of a soft- 
ware debug monitor). Further program execution is 
halted until the trace routine is completed. When the 
trace event handling routine is completed, instruc- 
tion execution resumes at the next instruction. The 


LOCAL BUS\ 
LOCAL BUS SIGNAL GROUPS 
\ 


ADDRESS/DATA 
(32 
LINES) 
<r---------> 
CONTROL (ADDRESS,DATA, and OPERATION SIGNALS - 15 LINES) 
< 
> 
ARBITRATION (2 LINES) 
270565-3 


Figure 5. Local Bus Signal Groups 
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80960KB's 
tracing 
mechanisms, 
which 
are 
imple- 
mented 
completely 
in hardware, 
greatly 
simplify 
the 
task of testing 
and debugging 
software. 


FAULT 
DETECTION 


The 
80960KB 
has 
an 
automatic 
mechanism 
to 
handle 
faults. 
There 
are 
ten 
fault 
types 
including 
trace, arithmetic, 
and floating-point 
faults. When the 
processor 
detects 
a fault, 
it automatically 
calls the 
appropriate 
fault handling 
routine and saves the cur- 
rent instruction 
pointer and necessary 
state informa- 
tion to make efficient 
recovery 
possible. 
The proces- 
sor posts diagnostic 
information 
on the type of fault 
to a Fault Record. 
Like interrupt 
handling 
routines, 
fault 
handling 
routines 
are usually 
written 
to meet 
the needs of a specific 
application 
and are often in- 
cluded 
as part of the operating 
system 
or kernel. 


For each of the ten fault types, there are numerous 
subtypes 
that 
provide 
specific 
information 
about 
a 
fault. For example, 
a floating-point 
fault may have its 
subtype 
set to an Overflow 
or Zero-Divide 
fault. The 
fault handler 
can use this specific 
information 
to re- 
spond 
correctly 
to the fault. 


BUILT-IN 
TESTABILITY 


Upon reset, the 80960KB 
automatically 
conducts 
an 
extensive 
internal 
test (self-test) 
of its major blocks 


of logic. Then, before executing 
its first instruction, 
it 
does 
a zero check 
sum on the first eight words 
in 
memory to ensure that the system 
has been loaded 
correctly. 
If a problem 
is discovered 
at any point dur- 
ing the self-test, 
the 80960KB 
will assert 
its FAIL- 
URE pin and will not begin program 
execution. 
The 
self-test 
takes approximately 
47,000 
cycles 
to com- 


plete. 


System 
manufacturers 
can use the 80960KB's 
self- 
test 
feature 
during 
incoming 
parts 
inspection. 
No 
special 
diagnostic 
programs 
need to be written, 
and 
the test is both thorough 
and fast. The self-test 
ca- 
pability helps ensure that defective 
parts will be dis- 
covered 
before 
systems 
are shipped, 
and once 
in 
the field, the self-test 
makes 
it easier to distinguish 
between 
problems 
caused 
by processor 
failure 
and 
problems 
resulting 
from other causes. 


CHMOS 


The 80960KB 
is fabricated 
using Intel's 
CHMOS 
IV 
(Complementary 
High Speed 
Metal Oxide Semicon- 
ductor) 
process. 
This 
advanced 
technology 
elimi- 
nates the frequency 
and reliability 
limitations 
of older 
CMOS 
processes 
and 
opens 
a new 
era in micro- 
processor 
performance. 
It combines 
the 
high 
per- 
formance 
capabilities 
of 
Intel's 
industry-leading 
HMOS 
technology 
with 
the 
high 
density 
and 
low 
power 
characteristics 
of CMOS. 
The 
80960KB 
is 
available 
at 10, 16, 20 and 25 MHz. 


Table 4a. 80960KB 
Pin Description: 
L-Bus Signals 


Symbol 
Type 
Name and Function 


CLK2 
I 
SYSTEM 
CLOCK provides the fundamental 
timing for 80960KB 
systems. 
It is 
divided by two inside the 80960KB 
to generate 
the internal processor 
clock. 


LAD31 
1/0 
LOCAL ADDRESS/DATA 
BUS carries 32-bit physical addresses 
and data to and 


-LADo 
T.S. 
from memory. 
During an address 
(Ta) cycle, bits 2-31 
contain a physical word 
address 
(bits 0-1 
indicate SIZE; see below). During a data (Td) cycle, bits 0-31 


I' 
contain read or write data. The LAD lines are active HIGH and float to a high 
impedance 
state when not active. 


SIZE, which is comprised 
of bits 0-1 
of the LAD lines during aT a cycle, specifies 
the size of a burst transfer 
in words. 


LAD 1 
LAD 0 


0 
0 
1 Word 
0 
1 
2 Words 
1 
0 
3 Words 
1 
1 
4 Words 


ALE 
0 
ADDRESS-LATCH 
ENABLE indicates 
the transfer 
of a physical address. ALE is 
T.S. 
asserted 
during a Ta cycle and deasserted 
before the beginning 
of the Td state. It 


is active LOW and floats to a high impedance 
state during a hold cycle (Th or Thr). 


110 - 
Input/Output, 0 - 
Output, I - 
Input, 0.0. 
- 
open- Drain, l.S. 
- 
m-state 
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Table 
4a. 80960KB 
Pin Description: 
L-Bus 
Signals 
(Continued) 


Symbol 
Type 
Name and Function 


ADS 
0 
ADDRESS/DATA 
STATUS 
indicates 
an address state. ADS is asserted 
every Ta 
O.D. 
state and deasserted 
during the the following 
Td state. For a burst transaction, 


ADS is asserted 
again every Td state where READY was asserted 
in the previous 
cycle. 


W/R 
0 
WRITE/READ 
specifies, 
during aT a cycle, whether 
the operation 
is a write or 
O.D. 
read. It is latched on-chip and remains valid during Td cycles. 


DT/R 
0 
DATA TRANSMIT/RECEIVE 
indicates 
the direction 
of data transfer 
to and from 
O.D. 
the L-Bus. It is low during Ta and Td cycles for a read or interrupt __ 
acknowledgement; 
it is high during Ta and Td cycles for a write. DT /R never 
changes 
state when DEN is asserted 
(see Timing Diagrams). 


DEN 
0 
DATA ENABLE 
is asserted 
during Td cycles and indicates 
transfer 
of data on the 
O.D. 
LAD bus lines. 


READY 
I 
READY indicates 
that data on LAD lines can be sampled 
or removed. 
If READY is 
not asserted 
during a Td cycle, the Td cycle is extended 
to the next cycle by 


inserting a wait state (Tw), and ADS is not asserted 
in the next cycle . 


LOCK 
I/O 
BUS LOCK prevents 
other bus masters from gai~cg 
control of the L-Bus 
O.D. 
following 
the current cycle (if they would assert L 
K to do so). LOCK is used by 
the processor 
or any bus agent when it performs 
indivisible 
Read/Modify/Write 
(RMW) operations. 
Do not leave LOCK unconnected. 
It must be pulled high for the 
processor 
to function 
properly. 


For a read that is designated 
as a RMW-read, LOCK is examined. 
if asserted, 
the 
prOCessor waits until it is not asserted; 
if not asserted, 
the processor 
asserts 
LO 
K during the Ta cycle and leaves it asserted. 


A write that is de(!5lgated 
as an RMW-write 
deasserts 
LOCK in the Ta cycle. 
During the time L 
K is asserted, 
a bus agent can perform a normal read or write 
but no RMW operations. 
LOCK is also held asserted 
during an interrupt- 


acknowledge 
transaction. 


BE3-BEo 
0 
BYTE ENABLE 
LINES s~ify 
which data bytes (up to four) on the bus take part 
O.D. 
in the current bus cycle. BE3 corresponds 
to LAD31- LAD24 and BEo corresponds 
to LADr 
LADo. 


The byte enables are provided 
in advance 
of data. The byte enables 
asserted 
during Ta specify the bytes of the first data word. The byte enables asserted 
during Td specify the bytes of the next data word (if any), that is, the word to be 
transmitted 
following 
the next assertion 
of READY. The byte enables during the 
Td cycles preceding 
the last assertion 
of READY are undefined. 
The byte enables 
are latched on-chip and remain constant 
from one Td cycle to the next when 
READY is not asserted. 


For reads, the byte enables specify the byte(s) that the processor 
will actually 
use. 
L-Bus agents are required to assert only adjacent 
byte enables 
(e.g., asserting 
just 
BEo and BE2 is not permitted), 
and are required to assert at least one byte enable. 


To produce 
address bits Ao and A1 externally, 
they can be decoded 
from the byte 


- 
enables. 


110 - 
Input/Output. 
0 
- 
Output. 
I - 
Input. 
O.D. 
- 
Open-Drain, 
T.S. 
- 
tn-state 
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Table 
4a. 80960KB 
Pin Description: 
L-Bus Signals 
(Continued) 


Symbol 
Type 
Name and Function 


HOLD/ 
I 
HOLD: If the processor 
is the primary bus master (PBM), the input is interpreted 
HLDAR 
as HOLD, a request from a secondary 
bus master to acquire the bus. When the 
processor 
receives 
HOLD and grants another 
master control 
of the bus, it floats 
its tri-state 
bus lines and then asserts HLDA and enters the Th state. When HOLD 
is deasserted, 
the processor 
will deassert 
HLDA and go to either the Tj or Ta 
state. 


HOLD ACKNOWLEDGE 
RECEIVED: 
If the processor 
is a secondary 
bus master 
(SBM), the input is HLDAR, which indicates, 
when HOLDR output is high, that the 
processor 
has acquired the bus. Processors 
and other agents can be told at reset 


if they are the primary bus master (PBM). 


HLDAI 
0 
HOLD ACKNOWLEDGE: 
If the processor 
is a primary bus master, the output is 
HOLDR 
T.S. 
HLDA, which relinquishes 
control 
of the bus to another 
bus master. 


HOLD REQUEST: 
For secondary 
bus masters (SBM), the output is HOLDR, which 
is a request to acquire the bus. The bus is said to be acquired 
if the agent is a 
primary bus master and does not have its HLDA output asserted, 
or if the agent is 
a secondary 
bus master and has its HOLD input and HLDA output asserted. 


CACHE 
0 
CACHE 
indicates 
if an access is cacheable 
during a Ta cycle. It is not asserted 
T.S. 
during any synchronous 
access, such as a synchronous 
load or move instruction 
used for sending an lAC message. 
The CACHE signal floats to a high impedance 
state when the processor 
is idle. 


Table 4b. 80960KB 
Pin Description: 
Module 
Support 
Signals 


Symbol 
Type 
Name and Function 


BADAC 
I 
BAD ACCESS, 
if asserted 
in the cycle following 
the one in which the last READY 
of a transaction 
is asserted, 
indicates 
that an unrecoverable 
error has occurred 
on 
the current bus transaction, 
or that a synchronous 
load/store 
instruction 
has not 
been acknowledged. 


STARTUP: 
During system reset, the BADAC signal is interpreted 
differently. 
If the 
signal is high, it indicates 
that this processor 
will perform 
system initialization. 
If it 
is low, another 
processor 
in the system will perform system initialization 
instead. 


RESET 
I 
RESET clears the internal logic of the processor 
and causes it to re-initialize. 


Durin~SET 
assertion, 
the input pins are ignored (except for BADAC and 
IACIINT 0), the tri-state 
output pins are placed in a high impedance 
state, and 
other output pins are placed in their non-asserted 
state. 


I, 
RESET must be asserted 
for at least 41 CLK2 cycles for a predictable 
RESET. 


The HIGH to LOW transition 
of RESET should occur after the rising edge of both 
CLK2 and the external bus CLK, and before the next rising edge of CLK2. 


FAILURE 
0 
INITIALIZATION 
FAILURE 
indicates 
that the processor 
has failed to initialize 
O.D. 
correctly. 
After RESET is deasserted 
and before the first bus transaction 
begins, 


FAILURE 
is asserted 
while the processor 
performs 
a self-test. 
If the self-test 
completes 
successfully, 
then FAILURE 
is deasserted. 
Next, the processor 
performs 
a zero checksum 
on the first eight words of memory. 
If it fails, FAILURE 
is asserted 
for a second time and remains asserted; 
if it passes, system 
initialization 
continues 
and FAILURE 
remains deasserted. 


N.C. 
N/A 
NOT CONNECTED 
indicates 
pins should not be connected. 
Never connect 
any 
pin marked N.C. 


1/0 ~ Input/Output. 0 ~ Output. I ~ Input. 0.0. 
~ Open-Drain. T.S. ~ tn-state 
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Table 4b. 80960KB 
Pin Description: 
Module Support 
Signals (Continued) 


Symbol 
Type 
Name and Function 


lAC 
I 
INTERAGENT 
COMMUNICATION 
REQUEST /INTERRUPT 
0 indicates 
either 
INTO 
that there is a pending lAC message 
for the processor 
or an interrupt. 
The bus 
interrupt 
control 
register determines 
in which way the signal should be interpreted. 
To signal an interrupt 
or lAC request in a synchronous 
system, this pin (as well as 
the other interrupt 
pins) must be enabled by being deasserted 
for at least one bus 
cycle and then asserted 
for at least one additional 
bus cycle; in an asynchronous 


I 
system, the pin must remain deasserted 
for at least two bus cycles and then be 


, 
asserted 
for at least two more bus cycles. 


LOCAL PROCESSOR 
NUMBER: This signal is interpreted 
differently 
during 
system reset. If the signal is at a high voltage 
level, it indicates 
that this processor 
is a primary bus master (Local Processor 
Number = 0); if it is at a low voltage 
level, it indicates 
that this processor 
is a secondary 
bus master (Local Processor 
Number = 1). 


INT1 
I 
INTERRUPT 
1, like INTO, provides 
direct interrupt ~ignaling. 


INT2/ 
I 
INTERRUPT 
2/INTERRUPT 
REQUEST: The bus control 
registers 
determines 
INTR 
how this pin is interpreted. 
If INT2, it has the same interpretation 
as the INTO and 
INT1 pins. If INTR, it is used to receive an interrupt 
request from an external 
interrupt controller. 


INT3/ 
I/O 
INTERRUPT 
3/1NTERRUPT 
ACKNOWLEDGE: 
The bus interrupt 
control 
register 
INTA 
0.0. 
determines 
how this pin is interpreted. 
If INT3, it has the same interpretation 
as 
the INTO, INT1, and INT2 pins. If INTA, it is used as an output to control 
interrupt- 
acknowledge 
bus transactions. 
The INT A output is latched on-chip and remains 
valid during Td cycles; as an output, it is open-drain. 


ELECTRICAL 
SPECIFICATIONS 


1/0 = Input/Output, 0 = Output, I = Input, 0.0. = Open-Drain, T.S. = m-state 


Power and Grounding 


The B0960KB 
is implemented 
in CHMOS 
IV technol- 
ogy and 
has modest 
power 
requirements. 
Its high 
clock 
frequency 
and numerous 
output 
buffers 
(ad- 
dress/data, 
control, 
error, 
and 
arbitration 
signals) 
can cause 
power 
surges 
as multiple 
output 
buffers 
drive new signal levels simultaneously. 
For clean on- 
chip 
power 
distribution 
at high frequency, 
12 vcc 
and 13 vss pins separately 
feed functional 
units of 
the B0960KB 
in the PGA. 


Power and ground connections 
must be made to all 
power and ground 
pins of the B0960KB. 
On the cir- 


cuit 
board, 
all vcc pins 
must 
be strapped 
closely 
together, 
preferably 
on a power 
plane. 
Likewise, 
all 
Vss pins should be strapped 
together, 
preferably 
on 
a ground 
plane. These 
pins may not be connected 
together 
within the chip. 


Power Decoupling 
Recommendations 


Liberal 
decoupling 
capacitance 
should 
be 
placed 
near the B0960KB. 
The processor 
can cause 
tran- 
sient power surges when driving the L-Bus, particu- 
larly when it is connected 
to a large capacitive 
load. 


Low 
inductance 
capacitors 
and 
interconnects 
are 
recommended 
for best high frequency 
electrical 
per- 
formance. 
Inductance 
can be reduced 
by shortening 
the 
board 
traces 
between 
the 
processor 
and 
de- 
coupling 
capacitors 
as much as possible. 
Capacitors 
specifically 
designed 
for 
PGA 
packages 
are 
also 
commercially 
available 
and offer the lowest 
possible 


inductance. 


Connection 
Recommendations 


For reliable 
operation, 
always 
connect 
unused 
in- 
puts to an appropriate 
signal 
level. 
In particular, 
if 
one or more interrupt 
lines are not used, they should 
be pulled up. No inputs should ever be left floating. 
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All open-drain outputs require a pullup device. While 
in some cases a simple pullup resistor will be ade- 
quate, we recommend a network of pullup and pull- 
down resistors biased to a valid VIH (~3.4V) and 
terminated in the characteristic impedance of the cir- 
cuit board. Figure 6 shows our recommendations for 
the resistor values for both a low and high current 
drive network, which assumes that the circuit board 
has a characteristic impedance of 1000. The advan- 
tage of terminating the output signals in this fashion 
is that it limits signal swing and reduces AC power 
consumption. 


Characteristic 
Curves 


Figure 7 shows the typical supply current require- 
ments over the operating temperature range of the 
processor at supply voltage (Vcd 
of 5V. Figure 8 
shows the typical power supply current (led 
re- 
quired by the 80960KB at various operating frequen- 
cies when measured at three input voltage (Vcd 
levels. 


For a given output current (Iou, the curve in Figure 9 
shows the worst case output low voltage (Vou. 


Vee 


180.11 


80960KB 
OPEN-ORAIN 
OUTPUT 


390.11 


270565-25 
Low Drive Network: 
• VOH = 3.42V 
• IOL = 25.3 mA 


Figure 10 shows the typical capacitive derating 
curve for the 80960KB measured from 1.5V on the 
system clock (CLK) to 1.5V on the falling edge and 
1.5V on the rising edge of the L-Bus address/data 
(LAD) signals. 


Test Load Circuit 


Figure 13 illustrates the load circuit used to test the 
80960KB's tristate pins, and Figure 14 shows the 
load circuit used to test the open drain outputs. The 
open drain test uses an active load circuit in the form 
of a matched diode bridge. Since the open-drain out- 
puts sink current, only the 10Llegs of the bridge are 
necessary and the 10Hlegs are not used. When the 
80960KB driver under test is turned off, the output 
pin is pulled up to VREF (Le., VOH). Diode 01 is 
turned off and the 10Lcurrent source flows through 
diode 02. 


When the 80960KB open-drain driver under test is 
on, diode 01 is also on, and the voltage on the pin 
being tested drops to VOL. Diode 02 turns off and 
10Lflows through diode 01. 


130.11 


80960KB 
OPEN-DRAIN 
OUTPUT 


280.11 


270565-26 
High Drive Network: 
• VOH = 3.4W 
• IOL = 33.8 mA 


Figure 6. Connection 
Recommendations 
for Low and High Current 
Drive Networks 
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Figure 7. Typical 
Supply Current 
(Icc) 


(Temp = +22"C) 
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Figure 8. Typical 
Current vs Frequency 


(Temp = + 85'C. vcc = 4.5V) 
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Figure 9. Worst Case Voltage 
vs Output 
Current 
on Open-Drain 
Pins 
Figure 10. Capacitive 
Derating 
Curve 
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ABSOLUTE 
MAXIMUM 
RATINGS· 
NOTICE: This is a production data sheet. The spe;;;.-] 
cations are subject to change without notice. 
.~ 
Operating 
Temperature 
O·C to + 8S·C Case 


Storage Temperature 
- 6S·C to + 1S0·C 


Voltage on Any Pin 
-O.SV 
to vcc + O.SV 


Power Dissipation 
2.SW (25 MHz) 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 
tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


D.C. CHARACTERISTICS 
80960KB (fo and 16 MHz): TCASE = O·C to + 
8S·C, VCC = sv ± 10% 
80960KB 
(20 and 25 MHz): TCASE = O·C to + 
8S·C, VCC = sv ± 5% 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


Vu, 
Input Low Voltage 
-0.3 
+0.8 
V 


VIH 
Input High Voltage 
2.0 
vcc + 0.3 
V 


VCl 
CLK2 Input Low Voltage 
-0.3 
+0.8 
V 


VCH 
CLK2 Input High Voltage 
0.55 VCC 
VCC + 0.3 
V 


VOl 
Output Low Voltage 
0.45 
V 
(1,5) 


VOH 
Output High Voltage 
2.4 
V 
(2,4) 


tee 
Power Supply Current: 
10MHz 
300 
mA 
16MHz 
375 
, 
mA 
20MHz 
420 
mA 
2SMHz 
480 
mA 


III 
Input Leakage Current 
±1S 
/loA 
o ~ VIN ~ vcc 


ILO 
Output Leakage Current 
±1S 
/loA 
0.45 ~ vo ~ vcc 


CIN 
Input Capacitance 
10 
pF 
fC = 1 MHz(3) 


Co 
I/O or Output Capacitance 
~ 
12 
pF 
tc = 1 MHz(3) 


CClK 
Clock Capacitance 
10 
pF 
fc = 1 MHz(3) 


NOTES: 
1. For tri-state outputs. this parameter is measured at: 
Address/Data ............................................•................................•............ 
4.0 mA 
Controls .................................................•................... 
: 
5.0 mA 
2. This parameter is measured at: 
Address/Data 
-1.0 
mA 
Controls .....................................................................................•..•.... 
-0.9 
mA 
ALE .. : 
" 
..........•..........•.................. 
- 5.0 mA 
3. Input. output. and clock capacitance are not tested. 
4. Not measured on open-drain outputs. 
5. For open-drain outputs 
25 mA 
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This section 
describes 
the AC specifications 
for the 
S0960KB 
pins. All input and output timings are spec- 


ified relative to the 1.5V level of the rising edge. For 
output 
timings. 
the specifications 
refer to the time it 
takes the signal to reach 1.5V. 


For input timings. 
the specifications 
refer to the time 


at ,which 
the 
signal 
reaches 
(for 
input 
setup) 
or 
leaves (for hold time) the TTL levels of LOW (O.SV) 
or HIGH (2.0V). All AC testing 
should 
be done with 


input clock voltages 
of OAV and 2.4V. except for the 


clock (CLK2). which should be tested with input volt- 
ages of 0045 vcc and 0.55 vcc- 


AC SPECIFICATIONS 


EDGE 
A 
C 
B 
C 


ClK2 


OUTPUTS: 


LAD3,-LADo• 


ADS. 


W/R.DEN. 
BE3-BEo 


HLDA/HOLDR. 
CACHE 
LOCK.INTA 


DT/R 


INPUTS: 


LAD3,-LADo• 


BADAC. 


IAC/INTo.INT,. 


INT2/INTR.iNT3 


HOLD.HLDAR. 
LOCK. 
READY 


o 
A 


270565-4 


Figure 11. Drive Levels and Timing Relationships 
for 80960KB 
Signals 
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Figure 12. Timing Relationship 
of L-Bus Signals 
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A.C. Specification Tables 


80960KB 
A.C. Characteristics 
(10 MHz) 


Symbol 
Par!lmeter 
Mln 
Max 
Units 
Test Conditions 


T1 
Processor 
Clock 
50 
125 
ns 
VIN = 1.5V 
Period (CLK2) 


T2 
Processor 
Clock 
12 
ns 
VIL = 10% Point 
Low Time (CLK2) 
. 
= 1.2V 


T3 
Processor 
Clock 
12 
ns 
VIH = 90% 'Point 
High Time (CLK2) 
= O.W + 0.5 vcc 


T4 
Processor 
Clock 
10 
ns 
VIN = 90% Point to 10% 
, 
Fall Time (CLK2) 
Point 


T5 
Processor 
Clock 
10 
ns 
VIN = '1 0% Point to 90% 
Rise Time (CLK2) 
1 
Point 


T6 
Output Valid 
2 
25 
ns 
CL = 100 pF (LAD) 
Delay 
CL = 75 pF (Controls)(2) 


T6H 
HOLDA Output 
4 
31 
ns 
CL = 75 pF 
Valid Delay 


T7 
ALE Width 
25 
ns 
CL = 75pF 


Ta 
ALE Output Valid Delay 
0 
20 
ns 
CL = 75pF(2) 


T9 
Output Float 
2 
20 
ns 
CL = 100 pF (LAD) 
Delay 
~. 
CL = 75 pF (Controls) 


T9H 
HOLDA Output 
4 
20 
ns 
CL = 75pF 
Float Delay 


T10 
Input Setup 1 
3 
ns 
.) 


Tl1 
Input Hold 
5 
ns 
)1- 


Tl1H 
HOLD Input Hold 
4 
ns 
;,., 


T12 
Input Setup 2 
8 
ns 


T13 
Setup to ALE 
10 
ns 
CL = 100 pF (LAD) 
Inactive 
1 
CL = 75 pF (Controls) 


T14 
Hold after ALE 
8 
ns 
CL = 100 pF (LAD) 
Inactive 
CL = 75 pF (Controls) 


T15 
Reset Hold 
3 
ns 


T16 
Reset Setup 
. 
5 
.' 
ns 


T17 
Reset Width 
1640 
ns 
41 CLK2 Periods Minimum 


NOTES: 
1. iAC/INTo. INT1. INT2/INTR. INT3 can be asynchronous. 
2. A float condition 
occurs 
when the maximum 
output 
current 
becomes 
less than ILO. Float delay is not tested. 
but should 
be 
no longer 
than the valid delay. 
3. Clock 
rise and fall times 
are not tested. 
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80960KB 
A.C. Characteristics 
(16 MHz) 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


T1 
Processor 
Clock 
31.25 
125 
ns 
VIN = 1.5V 
Period (CLK2) 


T2 
Processor 
Clock 
8 
ns 
VIL = 10% Point 
Low Time (CLK2) 
= 1.2V 


T3 
Processor 
Clock 
& 
ns 
VIH = 90% Point 
High Time (CLK2) 
= 0.1V + 0.5 vcc 


T4 
Processor 
Clock 
10 
ns 
VIN = 90% Point to 10% 


Fall Time (CLK2) 
Point 


T5 
Processor 
Clock 
10 
ns 
VIN = 10% Point to 90% 


Rise Time (CLK2) 
Point 


T6 
Output Valid 
2 
25 
ns 
CL = 100 pF (LAD) 
Delay 
CL = 75 pF (Controls) 


T6H 
HOLDA Output 
4 
31 
ns 
CL = 75 pF 
Valid Delay 


T7 
ALE Width 
15 
ns 
CL = 75pF 


Ta 
ALE Output Valid Delay 
0 
20 
ns 
CL = 75 pF(2) 


Tg 
Output Float 
2 
20 
ns 
CL = 100 pF (LAD) 
Delay 
CL = 75 pF (Controls)(2) 


TgH 
HOLDA Output 
4 
20 
ns 
CL = 75 pF 
Float Delay 


T10 
Input Setup 1 
3 
ns 


T11 
Input Hold 
5 
ns 


T11H 
HOLD Input Hold 
4 
ns 
- 


T12 
Input Setup 2 
8 
ns 


T13 
Setup to ALE 
10 
ns 
CL = 100 pF (LAD) 
Inactive 
CL = 75 pF (Controls) 


T14 
Hold after ALE 
8 
ns 
CL = 100 pF (LAD) 


Inactive 
CL = 75 pF (Controls) 


T15 
Reset Hold 
3 
ns 


T16 
Reset Setup 
5 
ns 


T17 
Reset Width 
1281 
ns 
41 CLK2 Periods Minimum 


NOTES: 
1. iAC/INTo. INT1. INT2/INTR. INT3 can be asynchronous. 
2. A float condition 
occurs 
when the maximum 
output 
current 
becomes 
less than ILO. Float delay is not tested. 
but should 
be 


no longer 
than the valid delay. 
3. Clock 
rise and fall times 
are not tested. 
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80960KB 
A.C. Characteristics 
(20 MHz) 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


T1 
Processor 
Clock 
25 
125 
ns 
VIN = 1.5V 


Period (CLK2) 


T2 
Processor 
Clock 
6 
ns 
VIL = 10% Point 


Low Time (CLK2) 
= 1.2V 


T3 
Processor 
Clock 
6 
ns 
VIH = 90% Point 


High Time (CLK2) 
= 0.1V + 0.5 vcc 


T4 
Processor 
Clock 
10 
ns 
VIN = 90% Point to 10% 


Fall Time (CLK2) 
Point 


T5 
Processor 
Clock 
10 
ns 
VIN = 10% Point to 90% 


Rise Time (CLK2) 
Point 


T6 
Output Valid 
2 
20 
ns 
CL = 60 pF (LAD) 


Delay 
CL = 50 pF (Controls) 


T6H 
HOLDA Output 
4 
26 
ns 
CL = 50pF 
Valid Delay 


T7 
A[EWidth 
,. 
12 
ns 
CL = 50 pF 


Ta 
AI:i: Output Valid Delay 
0 
20 
ns 
CL = 50pF(2) 


Tg 
Output Float 
2 
20 
ns 
CL = 60 pF (LAD) 


Delay 
CL = 50 pF (Controls)(2) 


TgH 
HOLDA Output 
4 
20 
ns 
CL = 50pF 
Float Delay 
" 


T10 
Input Setup 1 
3 
ns 


Tn 
Input Hold 
5 
ns 
J. 


TnH 
Input HOLD 
4 
ns 


T12 
Input Setup 2 
7 
ns 


T13 
Setup to AI:i: 
10 
ns 
CL = 60 pF (LAD) 
Inactive 
CL = 50 pF (Controls) 


T14 
Hold after ACE 
8 
ns 
CL = 60 pF (LAD) 
Inactive 
CL = 50 pF (Controls) 


T15 
Reset Hold 
3 
ns 


T16 
Reset Setup 
5 
ns 


T17 
Reset Width 
1025 
ns 
41 CLK2 Periods 
Minimum 


NOTES: 
1. iAC/INTo. 
INT1. INT2/INTR. 
M3 
can be asynchronous. 


2. A float condition 
occurs 
when the maximum 
output 
current 
becomes 
less than ILO. Float delay is not tested. 
but should 
be 
no longer than the valid delay. 
3. Clock 
rise and fall times 
are not tested. 
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B0960KB 
TRISTATE OUTPUT 
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IOL 
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~~~~~~~AIN 
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Figure 13. Test Load Circuit for 
TRI-STATE 
Output Pins 
Figure 14. Test Load Circuit for Open-Drain 
Output Pins 
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80960KB 
A.C. Characteristics 
(25 MHz) 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


Tl 
Processor 
20 
125 
ns 
VIN = 1.5V 
Clock Period (CLK2) 


T2 
Processor 
Clock 
5 
ns 
VIL = 10% Point 
Low Time (CLK2) 
= 1.2V 


T3 
Processor 
Clock 
5 
ns 
VIH = 90% Point 
High Time 
= O.W + 0.5 vcc 


T4 
Processor 
Clock 
10 
ns 
VIN = 90% Point to 10% 
Fall Time (CLK2) 
Point 


Ts 
Processor 
Clock 
10 
ns 
VIN = 10% Point to 90% 
Rise Time (CLK2) 
Point 


T6 
Output Valid 
2 
18 
ns 
CL = 60 pF (LAD) 
Delay 
CL = 50 pF (Controls) 


T6H 
HOLDA Output 
4 
24 
ns 
CL = 50 pF 
Valid Delay 


T7 
ALE Width 
12 
ns 
CL = 50 pF 


Ta 
ALE Output Valid Delay 
0 
20 
ns 
CL = 50 pF (2) 


Tg 
Output Float 
2 
18 
ns 
CL = 60 pF (LAD) 
Delay 
CL = 50 pF (Controls) 


T9H 
HOLDA Output 
4 
20 
ns 
CL = 50 pF 
Float Delay 


T10 
Input Setup 1 
, 
3 
ns 
-r-: 


T11 
Input Hold 
5 
ns 


T11H 
HOLD Input Hold 
4 
ns 


T12 
Input Setup 2 
7 
ns 


T13 
Setup to ALE 
8 
ns 
CL = 60 pF (LAD) 
Inactive 
CL = 50 pF (Controls) 


T14 
Hold after ALE 
8 
ns 
CL = 60 pF (LAD) 
Inactive 
CL = 50 pF (Controls) 


T1S 
Reset Hold 
3 
- 
ns 


T16 
Reset Setup 
5 
ns 


T17 
Reset Width 
820 
ns 
41 CLK2 Periods Minimum 


NOTES: 
1. lAC/INTO, INT1, INT2/INTR, INT3 can be asynchronous. 
2. A float condition 
occurs 
when the maximum 
output 
current 
becomes 
less than ILO. Float delay is not tested, 
but should 
be 
no longer 
than the valid delay, 
3. Clock 
rise and fall times are not tested, 
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Figure 15. Processor 
Clock Pulse (CLK2) 
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Figure 16. RESET Signal Timing 
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Design Considerations 


Figure 17. Hold Timing 


When designing an 80960KB hardware system that 
uses the ICE-960KB to debug the system, several 
electrical and mechanical characteristics should be 
considered. These considerations include capacitive 
loading, drive requirement, power requirement, and 
physical layout. 


Input hold times can be disregarded by the designer 
whenever the input is removed because a subse- 
quent output from the processor is deasserted (e.g., 
DEN becomes deasserted). 


Whenever the processor generates an output that 
indicates a transition into a subsequent state, any 
outputs that are specified to be tri-stated in this new 
state are guaranteed to be tri-stated. For example, in 
the Td cycle following~ 
cycle for a read, the mini- 
mum output delay of DEN is 2 ns, but the maximum 
float time of LAD is 20 ns. When DEN is asserted, 
however, the LAD outputs are guaranteed to have 
been tri-stated. 


The ICE-960KB probe module increases the load 
capacitance of each line by up to 25 pF. It also adds 
one standard Schottky TTL load on the CLK2 line, 
up to one advanced low-power Schottky TTL load 
for each control signal line, and one advanced low- 
power Schottky TTL load for each address/data and 
byte enable line. These loads originate from the 
probe module and are driven by the 80960KB proc- 
essor. 


Designing for the ICE-960KB 
To achieve high noise immunity, the ICE-960KB 
probe is powered by the user's system. The high· 
speed probe circuitry draws up to 1.1A plus the max- 
imum current (Icel of the 80960KB processor. 
The 80960KB In-Circuit Emulator assists in debug- 
ging both 80960KA and 80960KB hardware and 
software designs. The product consists of a probe 
module, cable, and control unit. Because of the high 
operating frequency of 80960KB systems, the probe 
module connects directly to the 80960KB socket. 


The mechanical considerations are shown in Figure 
18, which illustrates the lateral clearance require- 
ments for the ICE-960KB probe as viewed from 
above the socket of the 80960KB processor. 
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MECHANICAL 
DATA 


Figure 18. ICE-960KB 
Lateral Clearance 
Requirements 


Package Dimensions and Mounting 


The 80960KB is available in two different packages: 
a 132-lead ceramic pin-grid array (PGA) and a 132- 
lead plastic quad flat pack (PQFP). Pins in the ce- 
ramic package are arranged 0.100 inch (2.54 mm) 
center-to-center, in a 14 by 14 matrix, three rows 
around. (See Figure 19.) The plastic package uses 
fine-pitch gull wing leads arranged in a single row 
along the perimeter of the package with 0.025 inch 
(0.64 mm) spacing. (See Figure 20.) Dimensions are 
given in Figure 21 and Table 7. 


There are a wide variety of sockets available for the 
ceramic PGA package including low-insertion or 
zero-insertion force mountings, and a choice of ter- 
minals such as soldertail, surface mount, or wire 
wrap. Several applicable sockets are shown in Fig- 
ure 22. 


The PQFP is normally surface mounted to take best 
advantage of the plastic package's small footprint 
and low cost. In some applications, however, de- 
signers may prefer to use a socket, either to improve 


heat dissipation or reduce repair costs. Figures 23a 
and 23b show two of the many sockets available. 


Pin Assignment 


The PGA and PQFP have different pin assignments. 
Figure 24 shows the view from the bottom of the 
PGA (pins facing up) and Figure 25 shows a view 
from the top of the PGA (pins facing down). Figures 
20 and 32 show the top view of the PQFP; notice 
that the pins are numbered in order from 1 to 132 
around the package's perimeter. Tables 5 and 6 list 
the function of each pin in the PGA, and Tables 8 
and 9 list the function of each pin in the PQFP. 


vcc and GND connections must be made to multi- 
ple vcc and GND pins. Each vcc and GND pin must 
be connected to the appropriate voltage or ground 
and externally strapped close to the package. We 
recommend that you include separate power and 
ground planes in your circuit board for power distri- 
bution. 


NOTE: 
Pins identified as N.C., "No Connect," should never 
be connected. The 80960KB PGA and PQFP pack- 
ages both contain 53 N.C. pins. 
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SUPPORT 
COMPONENTS 
Package Thermal Specification 


The 80960KB is specified for operation when case 
temperature is within the range O·Cto +85·C. The 
case temperature should be measured at the top 
center of the package as shown in Figure 26. 


The ambient temperature can be calculated from 8jc 
and 8ja by using the following equations: 


TJ = Tc + P·8jc 
TA = TJ - 
P·8ja 
Tc = TA + p·[8ja - 
8jcl 


Values for 8ja and 8jc are given in Table 10 for the 
PGA package and in Table 11 for the PQFPfor vari- 
ous airflows. Note that the 8ja for the PGA package 
can be reduced by adding a heatsink, while a heat- 
sink is not generally used with the plastic package 
since it is intended to be surface mounted. The max- 
imum allowable ambient temperature (TA) permitted 
without exceeding Tc is shown by the charts in Fig- 
ures 27 through 30 for 10 MHz, 16 MHz, 20 MHz, 
and 25 MHz respectively. 


The curves assume the maximum permitted supply 
current (Icd 
at each speed, vcc of 5.0V, and a 
TCASEof +85·C. 


If you will be using the 80960KB in a harsh environ- 
ment where the ambient temperature may exceed 
the limits for the normal commercial part, you should 
consider using an extended temperature part. These 
parts are designed by the prefix "TA" and are avail- 
able at 10, 16 and 20 MHz in the ceramic PGA pack- 
age. Figure 30 shows the maximum allowable ambi- 
ent temperature for the 20 MHz extended tempera- 
ture TA80960KB at various airflows. The curve as- 
sumes an 'cc of 420 mA, vcc of 5.0V, and aT CASE 
of + 125·C. 


WAVEFORMS 


Figures 32 through 37 show the waveforms for vari- 
ous transactions on the 80960KB's local bus. 


85C960 Burst Bus Controller 


The Intel 85C960 performs burst logic, ready gener- 
ation, and address decode for the 80960KA and 
80960KB. The burst logic supports both standard 
and burst mode memories and peripherals. The 
ready generation and timing control supports 0 to 15 
wait states across eight address ranges for read/ 
write and burst accesses. The address decoder de- 
codes eight address inputs into four external and 
four internal chip selects. The wait state and chip 
select values may be programmed by the user; the 
timing control and burst logic are fixed. 


The 
85C960 
operates 
with 
the 
80960KA 
and 
80960KB at all frequencies and consumes only 50 
mA at 25 MHz. The 85C960 is housed in a 28-pin, 
300-mil ceramic DIP and plastic DIP packages or 28- 
pin PLCC package for surface mount. In the ceramic 
DIP package the part is UV-erasable,which makes it 
easy to revise designs. Order the 85C960 data sheet 
(No. 290192) for full details. 


27960KX Burst Mode EPROM 


Intel 27960KX one-megabit EPROM is designed 
specifically to support the 80960KA and 80960KB. It 
uses a burst interface to offer near zero wait-state 
performance without the high cost of alternative 
memory technologies. The 27960KX removes the 
need for "dumping" code and data stored in slow 
EPROMs or 
ROMs 
into 
expensive 
high-speed 
"shadow" RAM. 


Internally, the 27960KX is organized in blocks of four 
bytes that are accessed sequentially. The address 
of the four-byte block is latched and incremented 
internally. After a set number of wait-states (1 or 2), 
data is output one word at a time each subsequent 
clock cycle. High-performance outputs provide zero 
wait-state data-to-data burst accesses. Extra power 
and ground pins dedicated to the output reduce the 
effect of fast output switching on the device. The 
27960KX offers 1-0-0-0 performance at 20 MHz and 
2-0-0-0 performance at 25 MHz. Full details can be 
found in the 27960KX data sheet (No. 290337). 
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Figure 19. A 132-Lead 
Pin-Grid Array (PGA) Used to Package 
the 80960KB 
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Figure 20. The 132-Lead 
Plastic Quad Flat Pack (PQFP) used to Package 
the 80960KB 


3-81 


80960KB 


~---------------02--------~----- 
I BASE PLANE 
-1rA1 


C 
SEATING PLANE 
Cl 0.10 0.004 
270565-34 


E2 


mm (Inch) 


Figure 21a. Principal Dimensions 
of the 132-Lead 
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Figure 21b. Details of the Moldlng of the 132-Lead 
PQFP 
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Figure 21c. Terminal 
Details for the 132-Lead 
PQFP 
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Table 7. Package 
Dimension: 
80960KB 
PQFP 


Figure 21d. Board Footprint 
Area for the 132-Lead 
PQFP 


Inches 
MM 
Symbol 
Description 
Min 
Max 
Min 
Max 


N 
Leadcount 
132 Leads 
132 Leads 


A 
Package Height 
0.160 
0.170 
4.060 
4.320 


A1 
Standoff 
0.020 
0.030 
0.510 
0.760 


D,E 
Terminal 
Dimension 
1.075 
1.085 
27.310 
27.560 


D1,E1 
Package 
Body 
0.947 
0.953 
24.050 
24.210 


D2,E2 
Bumper Distance 
Without 
Flash 
1.097 
1.103 
27.860 
28.010 
With Flash 
1.097 
1.110 
27.860 
28.190 


D3,E3 
Lead Dimension 
0.800 REF 
20.32 REF 


D4,E4 
Foot Radius Location 
1.023 
1.037 
25.890 
26.330 


L1 
Foot Length 
0.020 
0.030 
0.510 
0.760 
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• Low insertion 
force 
(L1F) soldertail 
55274-1 


• Amp 
tests 
indicate 
50% 
reduction 
in 


insertion 
force 
compared 
to 
machined 
sockets 
Other 
socket 
options 
• Zero 
insertion 
force 
(ZIF) soldertail 
55583-1 
• Zero 
insertion 
force 
(ZIF) 
Burn-in 
version 
55573-2 
Amp 
Incorporated 
(Harrisburg, 
PA 17105 
U.S.A 
Phone 
717-564-0100) 


Peel-A-Way' 
Mylar 
and Kapton 
Socket 
Terminal 
Carriers 


• Low insertion 
force 
surface 
mount 
CS132-37TG 


• Low insertion 
force 
soldertail 


CS132-OHG 


• Low insertion 
force wire~wrap 
CS132-02TG 
(two-level) 
CS132-03TG 
(thee-level) 


• Low insertion 
force 
press-fit 
CS132-05TG 


Advanced 
Interconnections 
(5 Division 
Street) 
Warwick, 
RI 02818 
U.S.A. 


Phone 
401-885-0485) 


55274-1 


55583-1 


270565-13 


Cam 
handle 
locks 
in low profile 
position 
when 
80960KB 
is installed 


(handle 
UP for open 
and DOWN 
for closed 
positions). 


Courtesy 
Amp Incorporated 


Peel-A-Way 
Carrier 
No. 132: 
Kapton 
Carrier 
is KS 132 
Mylar 
Carrier 
is MS 132 


Molded 
Plastic 
Body 
KS 132 
is shown 
below: 


FOOT PRINT HO. 132 


-I ~ .100TYP 


141 14 Il S"OWI 
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270565-15 
Courtesy 
Advanced 
Interconnections 
(Peel-A-Way 
Terminal 
Carriers 
U.S. Patent 
No. 4442938) 


'Peel-A-Way 
is a trademark 
of Advanced 
Interconnections. 


Figure 22. Several Socket 
Options for Mounting 
the 80960KB 
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Part Number: 
1-821932-5 


270565-38 


Figure 23a. AMP Mlcropltch Socket for the 132-Lead Plastic 
Quad Flat Pack, 0.025" Lead Spacing, Gull Wing Leads 
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Part Number: 


2-0132-07244-000-018007 


270565-46 


Figure 23b. 3M Company 
PQFP Socket and Lld 
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2 
3 
• 
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6 
7 
8 
9 
10 
11 
12 
13 
1. 


P 
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0 
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0 
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0 
0 
0 
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Vcc 
N.C. 
N.C. 
N.C. 
N.C. 
N.C. 
N.C. 
N.C. 
N.C. 
N.C. 
N.C. 
N.C. 
VSS 
Vee 


N 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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0 
0 
N 
Vss 
N.C. 
N.C. 
N.C. 
N.C. 
N.C. 
N.C. 
N.C. 
N.C. 
N.C. 
N.C. 
N.C. 
N.C. 
N.C. 


104 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
104 
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Vss 
Vss 
Vee 
N.C. 
N.C. 
N.C. 
N.C. 
Yss 
Vee 
N.C. 
N.C. 
N.C. 
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0 
0 
0 
L 


DEN 
N.C. 
Vee 
Yss 
N.C. 
N.C. 
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BE2 
Yss 
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LOCK 
80960KB 
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r 


LAD29 
LAD31 CACHE 
N.C. 
N.C. 
N.C. 


E 
0 
0 
0 
0 
0 
0 
E 


LAD2S LAD26 
LAD27 
N.C. 
Vss 
N.C. 


° 
0 
0 
0 
0 
0 
0 
o 
ALE 
ADS 
HLDA 
Vee 
N.C. 
N.C. 


C 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
C 
HOLD 
LAD25 BADAC 
Vee 
Vss 
LAD20 
LAD13 
LADS 
LAD3 
Ycc 
Yss 
INT3 
INTl 
INTO 


B 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
B 


LAD23 LAD24 
LAD22 
LAD21 LAD18 LAD15 
LAD12' LAD10 
LAD6 
LAD2 
CLK 
LADo 
RESET 
Yss 


A 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
A 
Vcc 
Yss 
LAD19 LAD17 
LAD16 LAD14 
LADll 
LAD9 
LA~ 
LAD5 
LAD4 
LADl 
INT2 
Vee 


2 
3 
• 
5 
6 
7 
8 
9 
10 
11 
12 
13 
1. 


270565-10 


Figure 24. 80960KB 
PGA Plnout-Vlew 
from Bottom 
(Pins Facing Up) 
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Figure 25. 80960KB 
PGA Plnout-Vlew 
from Top (Pins Facing Down) 
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Table 5. 80960KB 
PGA Plnout-In 
Pin Order 


Pin 
Signal 
Pin 
Signal 
Pin 
Signal 
Pin 
Signal 


A1 
Vcc 
C6 
LAD20 
H1 
W/R 
M10 
Vss 


A2 
Vss 
C7 
LAD13 
H2 
BEo 
M11 
Vcc 


A3 
LAD19 
CB 
LAD8 
H3 
LOCK 
M12 
N.C. 


A4 
LAD17 
, 
C9 
LAD3 
H12 
N.C 
M13 
N.C. 


A5 
LAD16 
C10 
Vcc 
H13 
N.C. 
M14 
N.C. 


A6 
LAD14 
C11 
Vss 
H14 
N.C. 
N1 
Vss 


A7 
LAD11 
C12 
INT3/1NTA 
J1 
DT/R 
N2 
N.C. 


AB 
LAD9 
C13 
INT1 
J2 
BE2 
N3 
N.C. 


A9 
LAD7 
C14 
IACIINTo 
J3 
Vss 
N4 
N.C. 


A10 
LAD5 
D1 
ALE 
J12 
N.C 
N5 
N.C. 


A11 
LAD4 
D2 
ADS 
J13 
N.C. 
N6 
N.C. 


A12 
LAD1 
D3 
HLDAlHLDR 
J14 
N.C. 
N7 
N.C. 


A13 
INT2/1NTR 
D12 
Vcc 
K1 
BE3 
NB 
N.C. 


A14 
Vcc 
D13 
N.C. 
K2 
FAILURE 
N9 
N.C. 


B1 
LAD23 
D14 
N.C. 
K3 
Vss 
N10 
N.C. 


B2 
LAD24 
E1 
LAD28 
K12 
Vcc 
N11 
N.C. 


B3 
LAD22 
E2 
LAD26 
K13 
N.C. 
N12 
N.C. 


B4 
LAD21 
E3 
LAD27 
K14 
N.C. 
N13 
N.C. 


B5 
LAD18 
E12 
N.C. 
L1 
DEN 
N14 
N.C. 


B6 
LAD15 
E13 
Vss 
L2 
N.C. 
P1 
Vcc 
B7 
LAD12 
E14 
N.C. 
L3 
Vcc 
P2 
N.C. 


BB 
LAD10 
F1 
LAD29 
L12 
Vss 
P3 
N.C. 


B9 
LAD6 
F2 
LAD31 
L13 
N.C. 
P4 
N.C. 


B10 
LAD2 
F3 
CACHE 
L14 
N.C. 
P5 
N.C. 


B11 
CLK2 
F12 
N.C. 
M1 
N.C. 
P6 
N.C. 


B12 
LADo 
F13 
N.C. 
M2 
Vcc 
P7 
N.C. 


B13 
RESET 
F14 
N.C. 
M3 
Vss 
PB 
N.C. 


B14 
Vss 
G1 
LAD30 
M4 
Vss 
P9 
N.C. 


C1 
HOLD/HLDAR 
G2 
READY 
M5 
Vcc 
P10 
N.C. 


C2 
LAD25 
G3 
BE1 
M6 
N.C. 
P11 
N.C. 


C3 
BADAC 
G12 
N.C. 
M7 
N.C. 
P12 
N.C. 


C4 
Vcc 
G13 
N.C. 
MB 
N.C. 
P13 
Vss 
C5 
Vss 
G14 
N.C. 
M9 
N.C. 
P14 
Vcc 
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Table 6. 80960KB PGA Plnout-In 
Signal Order 


Signal 
Pin 
Signal 
Pin 
Signal 
Pin 
Signal 
Pin 


ADS 
02 
LA01S 
86 
N.C. 
J14 
N.C. 
P9 


ALE 
01 
LAD16 
A5 
N.C. 
K13 
N.C. 
P10 


8ADAC 
C3 
LAD 17 
A4 
N.C. 
K14 
N.C. 
P11 


8Eo 
H2 
LAD18 
85 
N.C. 
L13 
N.C. 
P12 


8E1 
G3 
LAD19 
A3 
N.C. 
L14 
N.C. 
L2 


8E2 
J2 
LAD20 
C6 
N.C. 
M1 
READY 
G2 


8E3 
K1 
LAD21 
84 
N.C. 
M6 
RESET 
813 


CACHE 
F3 
LAD22 
83 
N.C. 
M7 
Vcc 
A1 


CLK2 
811 
LAD23 
81 
N.C. 
M8 
Vcc 
A14 


DEN 
L1 
LAD24 
82 
N.C. 
M9 
Vcc 
C4 


DT/R 
J1 
LAD2S 
C2 
N.C. 
M12 
Vcc 
C10 


FAILURE 
K2 
LAD26 
E2 
N.C. 
M13 
Vcc 
012 


HLDAlHOLDR 
03 
LAD27 
E3 
N.C. 
M14 
Vcc 
K12 


HOLD/HLDAR 
C1 
LAD28 
E1 
N.C. 
N2 
Vcc 
L3 


iAC/lNTo 
C14 
LAD29 
F1 
N.C. 
N3 
Vcc 
M2 


INT1 
C13 
LAD30 
G1 
N.C. 
N4 
Vcc 
M5 


INT2/1NTR 
A13 
LA031 
F2 
.N.C. 
N5 
Vcc 
M11 


INT3/1NTA 
C12 
LOCK 
H3 
N.C. 
N6 
Vcc 
P1 


LADo 
812 
N.C. 
013 
N.C. 
N7 
Vcc 
P14 


LAD1 
A12 
N.C. 
014 
N.C. 
N8 
Vss 
A2 


LAD2 
810 
N.C. 
E12 
N.C. 
N9 
Vss 
814 


LAD3 
C9 
N.C. 
E14 
N.C. 
N10 
Vss 
C5 


LAD4 
A11 
N.C. 
F12 
N.C. 
N11 
Vss 
C11 


LADs 
A10 
N.C. 
F13 
N.C. 
N12 
Vss 
E13 


LAD6 
89 
N.C. 
F14 
N.C. 
N13 
Vss 
J3 


LAD7 
A9 
N.C. 
G12 
N.C. 
N14 
Vss 
K3 


LAD8 
C8 
N.C. 
G13 
N.C. 
P2 
Vss 
L12 


LAD9 
A8 
N.C. 
G14 
N.C. 
P3 
Vss 
M3 


LAD10 
88 
N.C. 
H12 
N.C. 
P4 
Vss 
M4 


LAD11 
A7 
N.C. 
H13 
N.C. 
P5 
Vss 
M10 


LAD12 
87 
N.C. 
H14 
N.C. 
P6 
Vss 
N1 


LAD13 
C7 
N.C. 
J12 
N.C. 
P7 
Vss 
P13 


LAD14 
A6 
N.C. 
J13 
N.C. 
P8 
W/R 
H1 
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LADO 
100 
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101 
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104 
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105 
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Figure 32. 80960KB 
PQFP Plnout-View 
from Top 
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Table 8. 80960KB 
Plastic Package 
Plnout • In Pin Order 


Pin 
Signal 
Pin 
Signal 
Pin 
Signal 
Pin 
Signal 


1 
HLDAlHOLR 
34 
N.C. 
67 
Vss 
100 
LADO 


2 
ALE 
35 
Vcc 
68 
Vss 
101 
LAD1 


3 
LAD26 
36 
Vcc 
69 
N.C. 
102 
LAD2 


4 
LAD27 
37 
N.C. 
70 
Vcc 
103 
Vss 


5 
LAD28 
38 
N.C. 
71 
Vcc 
104 
LAD3 


6 
LAD29 
39 
N.C. 
72 
N.C. 
105 
LAD4 


7 
LAD30 
40 
N.C. 
73 
N.C. 
106 
LAD5 
. 


8 
LAD31 
41 
N.C. 
74 
N.C. 
107 
LAD6 


9 
Vss 
42 
N.C. 
75 
N.C. 
108 
LAD7 


10 
CACHE 
43 
N.C. 
76 
N.C. 
109 
LAD8 


11 
W/R 
44 
N.C. 
77 
N.C. 
110 
LAD9 


12 
READY 
45 
N.C. 
78 
N.C. , 
111 
LAD10 


13 
DT/R 
46 
N.C. 
79 
. Vss 
112 
LAD11 


14 
BEO 
47 
N.C. 
80 
Vss 
113 
LAD12 


15 
BE1 
48 
N.C. 
81 
N.C. 
114 
Vss 


16 
BE2 
.- 
49 
N.C. 
82 
Vcc 
" 
115 
LAD13 


17 
BE3 
50 . 
N.C. 
83 
Vcc 
116 
LAD14 


18 
FAILURE 
51 
N.C. 
84 
N.C. 
117 
LAD15 


19 
Vss 
52 
Vss 
85 
lAC/INTO 
118 
LAD16 


20 
LOCK 
53 
Vss 
86 
INT1 
119 
LAD17 


21 
DEN 
54 
N.C. 
87 
INT2/INTR 
120 
LAD18 


22 
Vss 
55 
Vcc 
88 
INT3/INTA 
121 
LAD19 


23 
N.C. 
56 
Vcc 
89 
N.C. 
122 
LAD20 


24 
N.C. 
57 
N.C. 
90 
Vss 
123 
LAD21 


25 
N.C. 
58 
N.C. 
91 
CLK2 
124 
LAD22 


26 
Vss 
59 
N.C. 
92 
Vcc 
125 
Vss 


27 
Vss 
60 
N.C. 
93 
RESET 
126 
LAD23 


28 
N.C. 
. 
61 
N.C. 
94 
N.C. 
127 
LAD24 


29 
Vcc 
62 
N.C. 
95 
N.C. 
128 
LAD25 


30 
Vcc 
63 
N.C. 
96 
N.C. 
129 
BADAC 


31 
N.C. 
64 
N.C. 
97 
N.C. 
, 
130 
HOLD/HLDAR 


32 
Vss 
65 
N.C. 
98 
N.C. 
131 
N.C. 


33 
Vss 
66 
N.C. 
99 
N.C. 
132 
ADS 
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Table 9. 80960KB Plastic Package Plnout • In Signal Order 


Signal 
Pin 
Signal 
Pin 
Signal 
Pin 
Signal 
Pin 


ADS 
132 
LAD22 
124 
N.C. 
46 
N.C. 
98 


ACE 
2 
LAD23 
126 
N.C. 
47 
N.C. 
99 


BADAC 
129 
LAD24 
127 
N.C. 
48 
N.C. 
131 


BEO 
14 
LAD25 
128 
N.C. 
49 
READY 
12 


BET 
15 
LAD26 
3 
N.C. 
50 
RESET 
93 


BE2 
16 
LAD27 
4 
N.C. 
51 
Vcc 
29 


BE3 
17 
LAD28 
5 
N.C. 
54 
Vcc 
30 


CACHE 
10 
LAD29 
6 
N.C. 
57 , 
Vcc 
3'- 
o 


CLK2 
91 
LAD3 
104 
N.C. 
58 
Vcc 
36 


DEN 
21 
LAD30 
7 
N.C. 
59 
Vcc 
55 


DT/R 
13 
LAD31 . 
8 
N.C. 
60 
Vcc 
70 


FAILURE 
18 
LAD4 
105 
N.C. 
61 
Vcc 
71 


HLDAlHOLR 
1 
LAD5 
106 
N.C. 
62 
Vcc 
8') 
.- 


HOLD/HLDAR 
130 
LAD6 
107 
N.C. 
63 
Vcc 
8:1 


rAC/INTO 
85 
LAD7 
108 
N.C. 
64 
Vcc 
92 


INT1 
86 
LAD8 
109 
N.C. 
65 
Vss 
H 


INT2/INTR 
87 
LAD9 
110 
N.C. 
66 
Vss 
10 


INT3/INTA 
88 
LOCK 
20 
N.C. 
69 
Vss 
22 


LADO 
100 
N.C. 
23 
N.C. 
72 
Vss 
26 


LAD1 
101 
N.C. 
24 
N.C. 
73 
Vss 
27 


LAD10 
111 
N.C. 
25 
N.C. 
74 
Vss 
32 


LAD11 
112 
N.C. 
28 
N.C. 
75 
Vss 
33 


LAD12 
113 
N.C. 
31 
N.C. 
76 
Vss 
52 


LAD13 
115 
N.C. 
34 
N.C. 
77 
Vss 
53 


LAD14 
116 
N.C. 
37 
N.C. 
78 
Vss 
67 


LAD15 
117 
N.C. 
38 
N.C. 
81 
Vss 
68 


LAD16 
118 
N.C. 
39 
N.C. 
84 
Vss 
79 


LAD17 
119 
N.C. 
40 
N.C. 
89 
Vss 
80 


LAD18 
120 
N.C. 
41 
N.C. 
94 
Vss 
90 


LAD19 
121 
N.C. 
42 
N.C. 
94 
Vss 
103 


LAD2 
102 
N.C. 
43 
N.C. 
95 
Vss 
114 


LAD20 
122 
N.C. 
44 
N.C. 
96 
Vss 
125 


LAD21 
123 
N.C. 
45 
N.C. 
97 
W/R 
11 
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MEASURE PGA CASE TEMPERATURE 
AT CENTER OF TOP SURF4CE 
MEASURE PQFP TEMPERATURE AT 
CENTER OF TOP SURFACE 
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Figure 26. Measuring 
80960KB 
PGA and PQFP Case Temperature 
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Figure 27. Maximum 
Allowable 
Temperature 
for the 80960KB 
at 10 MHz In either PGA or PQFP 
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Figure 28. Maximum 
Allowable 
Ambient 
Temperature 
for the 80960KB 
at 16 MHz In either PGA or PQFP 
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Figure 29. Maximum 
Allowable 
Ambient 
Temperature 
for the 80960KB 
at 20 MHz In either PGA or PQFP 
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Figure 30. Maximum 
Allowable 
Ambient 
Temperature 
for 
the 80960KB 
at 25 MHz (available 
In PGA only) 
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Figure 31. Maximum 
Allowable 
Ambient 
Temperature 
for the Extended 
Temperature 
TA-80960KB 
at 20 MHz (available 
In PGA only) 
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Table 10. 80960KB PGA Package Thermal Characteristics 


Thermal Reslstance-'C/Watt 


Alrflow-ft.lmln 
(m/sec) 
Parameter 
0 
50 
100 
200 
400 
600 
800 
(0) (0.25) (0.50) (1.01) (2.03) (3.04) (4.06) 
'Ja 
8 Junction-to-Case 
'Jc' 
(Case Measured 
2 
2 
2 
2 
2 
2 
2 
'Jpln 
('\ 
as shown in Figure 26) 
I 
'J cap I 
8 Case-to-Ambient 
19 
18 
17 
15 
12 
10 
9 
UUlJ 
UUU 
(No Heatsink) 


8 Case-to-Ambient 
270565-45 


(with Omnidirectional 
16 
15 
14 
12. 
9 
7 
6 
Heatsink) 


8 Case-to-Ambient 
(with Unidirectional) 
15 
14 
13 
11 
8 
6 
5 
Heatsink) 


NOTES: 
1. This table applies to 80960KB PGA 
3. /lJ.CAP = 4'C/w (approx.) 
plugged into socket or soldered di- 
/lJ.PIN = 4'C/w (inner pins) (approx.) 
rectly into board. 
/lJ.PIN = 8'C/w (outer pins) (approx.) 
2. /lJA = /lJC + /lCA. 


Table 11. 80960KB PQFP Package Thermal Characteristics 


PQFPThermal Reslstance-'C/Watt 


Alrflow-ft.lmln 
(m/sec) 
Parameter 
o 
50 
100 
200 
400 
600 
800 
(0) (0.25) (0.50) (1.01) (2.03) (3.04) (4.06) 


8 Junction-to-Case 
(Case Measured 
6 
6 
6 
6 
6 
6 
6 
as shown in Figure 26) 


8 Case-to-Ambient 
20 
19 
18 
16 
13 
11 
10 
(No Heatsink) 


NOTES: 
1. This table 
applies to 
80960KB 
3. /lJL = 18'C/Watt 
PQFP soldered directly into board. 
/IJB = 18'C/Watt 
2. /lJA = /lJC + /lCA· 
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Figure 32. Read Transaction 
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Figure 33. Write Transaction 
with One Wait State 
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Figure 34. Burst Read Trans 
ction 
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Figure 35. Burst Write Transaction 
with One Wait State 
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NOTE: 
INTR can go low no sooner than 5 ns (input hold time) following the beginning of interrupt aCknowledgement cycle 1. 
For a second interrupt to be acknowledged. INTR must be low for at least three cycles before it can be reasserted. 


Figure 36. Interrupt 
Acknowledge 
Transaction 
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80960CA PRODUCT OVERVIEW 


1.0 PURPOSE 


The 80960CA 
Product 
Overview is a summary of the 
features and operation of Intel's 80960CA Embedded 
Processor. The Product Overview is intended for those 
who are not familiar with the 80960 architecture or the 
8096OCA,a product built around this architecture. The 
80960CA Product Overview provides a programmer or 
a system designer with a quick, global view of software 
and hardware design considerations for the 8096OCA. 
For further information, refer to the following refer- 
ence documents: 


The 80960CA 
User's Manual 
contains detailed tech- 
nical information and examples for designing em- 
bedded systems using the 8096OCA. 
The 80960CA 
Data Sheet provides electrical specifi- 
cations for the device, such as the DC and AC pa- 
rameters, operating conditions, and packaging spec- 
ifications. 


2.0 80960CA 
32-BIT 
EMBEDDED 


PROCESSOR 


The 80960CA (Figure 2-1) is optimized for embedded 
processing applications. This product features the high- 
performance C-Series core plus built-in system periph- 
erals, effectively integrating a high-speed CPU and sys- 
tem components onto a single silicon die. The 80960CA 
is a member of Intel's 80960 embedded processor fami- 
ly. Each member of the 80960 family is based on a 
common architectural definition referred to as the core 
architecture. 


An 80960 family member, such as the 8096OCA, is 
made up of an implementation of the core architecture 
plus application-specific extensions. These extensions 
may consist of integrated peripherals, instruction-set 
extensions, or additional registers and caches beyond 
those defined by the architecture. The common core 
architecture provides a basis for code compatibility for 
all 80960 family products, while application-specific ex- 
tensions optimize a particular product for a class of 
applications. 


The 80960 architectural target is the execution of mul- 
tiple instructions per clock (i.e., fractional clocks per 
instruction). 
By defining an architecture 
which sup- 


ports parallel instruction execution and out-of-order in- 
struction execution, performance advances are not con- 
strained by the system clock. 


The 80960CA is capable of launching and executing 
instructions in parallel. This is accomplished by the use 
of advanced silicon technology as well as innovative 
"microarchitectural" 
constructs. The term microarchi- 


tecture refers to the implementation of the instruction 
set and programming resources. For example, different 
microarchitectures 
may have different pipeline con- 


struction, internal bus widths, register set porting, de- 
grees of parallelism, and cache parameterization (two- 
way, four-way, etc.). 


A principal objective of the 80960 architecture is, to 
provide the framework to allow microarchitectural ad- 
vances to translate directly into increased performance 
without architectural limitations. 


270669-2 


Figure 2·1. 80960CA 


2.1 80960 Architecture 


Embedded applications are cost sensitive, require a dif- 
ferent mix of instructions than reprogrammable appli- 
cations, have demanding interrupt 
response require- 


ments, and often use real-time executives rather than 
full-blown operating systems. The 80960 architecture 
was developed with these factors in mind. Several key 
optimizations which are provided by the architecture 
are explained below. 


Instruction Set: Powerful Boolean operations are pro- 
vided. Frequently executed functions are available as 
single instructions for greater code density and per- 
formance. Call, Return, Compare-and-Branch, 
Condi- 


tional-Compare, 
Compare-and-Increment 
or 
Decre- 


ment, and Bit-Field-Extract 
are each single instruc- 


tions. 


Interrupts: A priority interrupt structure simplifies the 
management of real-time events. With 31 discrete levels 
of priority and 248 possible interrupt-handling 
proce- 


dures, this structure provides the low latency and high 
throughput 
interrupt handling required in embedded 


processor applications. 
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Faults: 
A generalized 
fault-handling 
mechanism 
simpli- 
fies the task of detecting 
errant 
arithmetic 
calculations 
or other 
conditions 
that 
typically 
require 
a significant 
amount 
of in-line user code. 


Application-Specific 
Extensions: 
The core architecture 
is designed 
to 
accept 
application-specific 
extensions 


such as instruction 
set extensions 
(e.g., string functions, 
floating 
point), 
special purpose 
registers, 
larger 
caches, 
on-chip 
program 
and data memory, 
a memory 
manage- 
ment and protection 
unit, fault-tolerance 
support, 
mul- 
tiprocessing 
support, 
and real-time 
peripherals 
(DMA, 
serial ports, 
etc.). 


2.2 80960 C-Series Core 


The 
C-series 
core 
is an implementation 
of the 
80960 
core architecture. 
The core can execute 
instructions 
at 
a sustained 
speed of 66 MIPS(I) 
with bursts 
of perform- 
ance up to 99 MIPS. 
To achieve 
this level of perform- 
ance, 
Intel 
has 
incorporated 
state-of-the-art 
silicon 
technology 
and 
innovative 
microarchitectural 
con- 
structs 
into the C-Series 
core. Factors 
which contribute 
to the core's 
performance 
are listed below. 


Parallel 
instruction 
decoding 
allows 
the 
80960CA 
to start two instructions 
in every clock, with bursts 
of three 
instructions 
per clock. 


Most 
instructions 
execute 
in a single clock cycle. 


Multiple 
independent 
execution 
units 
enable 
over- 
lapping 
instruction 
execution. 


Advanced 
silicon technology 
allows operation 
with 
a 33 MHz 
internal 
clock. 


Efficient 
instruction 
pipeline 
is designed 
to mini- 
mize pipeline 
break 
losses. 


Register 
and 
resource 
scoreboarding 
transparently 
manage 
parallel 
execution. 


Branch 
look-ahead 
feature 
enables 
branches 
to exe- 
cute in parallel 
with other 
instructions. 


Local register 
cache is integrated 
on-chip. 


1 Kbyte 
two-way 
set associative 
instruction 
cache is 
integrated 
on-chip. 


1 Kbyte 
Static Data 
RAM 
is integrated 
on-chip. 


These 
factors 
combine 
to make the 80960CA 
an ultra- 
high performance 
computing 
engine. 


NOTE: 
1. Single clock instructions 
at 33 MHz. 


2.3 80960CA System Peripherals 


The 
80960CA 
features 
several 
extensions 
to the 
core 
architecture 
in 
the 
form 
of 
integrated 
peripherals. 
These 
peripherals 
are intended 
to reduce 
the external 
system requirements 
needed for embedded 
applications. 


These 
peripherals 
are described 
below. 


Bus 
Controller 
Unit: 
A 32-bit 
high-performance 
bus 
controller 
interfaces 
the 80960CA 
to external 
memory 
and 
peripherals. 
The 
bus controller 
transfers 
instruc- 
tions 
or data 
at a maximum 
rate 
of 132 Mbytes 
per 
second'(2) 
Internally 
programmable 
wait states 
and 
16 
separately 
configurable 
memory 
regions 
allow the bus 
controller 
to interface 
with a variety 
of memory 
subys- 
tems with minimum 
system 
complexity 
and maximum 
performance. 


DMA 
Controller: 
A four channel 
DMA 
controller 
per- 
forms 
high 
speed 
data 
transfers 
between 
peripherals 
and memory. 
The DMA 
controller 
provides 
advanced 
features 
such as data chaining, 
byte assembly 
and disas- 
sembly, 
and a fly-by mode capable 
of transfer 
speeds of 
up to 66 Mbytes 
per second. 
The DMA 
controller 
fea- 
tures a performance 
and flexibility 
which 
is only possi- 
ble 
by 
integrating 
the 
DMA 
controller 
and 
the 
80960CA 
core. 


Interrupt 
Controller: 
A 
pnonty 
interrupt 
controller 
manages 
8 external 
interrupt 
inputs, 
4 internal 
inter- 
rupt 
sources 
from 
the 
DMA 
controller, 
and 
a single 
non-maskable 
interrupt 
input 
(NMI). 
A total 
of 248 
external 
interrupt 
sources 
are supported 
by the inter- 
rupt 
controller 
by configuring 
the 8 external 
interrupt 
pins as an 8-bit input port. The interrupt 
controller 
pro- 
vides 
the 
mechanism 
for 
the 
low 
latency 
and 
high 
throughput 
interrupt 
service featured 
by the 8096OCA. 
The interrupt 
latency 
for the 80960CA 
is typically 
less 
than 
1 fLs. 


3.0 
EXECUTION 
ENVIRONMENT 


The Execution Environment (Figure 
3-1) refers 
to the 
resources 
which are available 
for executing 
code on the 
8096OCA. The following 
sections 
describe 
the elements 
of the execution 
environment. 


3.1 
Registers and Literals 


The 80960CA 
provides 
four types of working 
data reg- 
isters: Global Registers. Local Registers, Special Func- 
tion Registers (SFRs), 
and Control Registers. 


Global 
and 
local 
registers 
are general 
purpose 
32-bit 
data registers. 
The SFRs 
and the control 
registers 
pro- 
vide a programmer's 
interface 
to the on-chip 
peripher- 
als (i.e., the DMA 
controller, 
interrupt 
controller, 
and 
bus controller). 


NOTE: 
2. 33 MHz 
internal 
clock, 
load or instruction 
fetch on 
o wait state, pipelined 
burst 
bus. 
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Archltecturally 
Deflnod 
Data Structure. 


Load 
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Instruction 
Stre.am 


3 Special Function Registers 
Trace 
Controls 


Control Registers 
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Figure 3·1. Execution Envlronme~t 


The 80960 architecture is a register-oriented architec- 
The 80960CAsupplies 16,32-bit Local Registers desig- 


ture. That is, operands and results of instructions are 
nated rOthrough rIS. Registers r3 through rlS are gen- 


placed in working data registers rather than in memory. 
eral purpose local registers. Registers rO,rf, and r2 are 
Since the architecture is register oriented, an ample 
reserved for specialfunctions as follows:ro contains the 


supply of registers is provided. The architecture's work- 
Previous Frame Pointer, rl contains the Stack Pointer, 


ing register set consists of 16,32-bitglobal registers and 
and r2 is reserved for the Return Instruction Pointer. 


16, 32-bit local registers. 
These registers are available in assembly language as, 
respectively, the pfp, sp, and rip registers. The pfp, sp, 
and rip registers manage stack frame linkage for the 
8096O's procedure call and return mechanism. The 
function of these registers is decribed in Section 3.8. 


3.1.1 GLOBAL 
AND 
LOCAL 
REGISTERS 


The procedure call and return mechanism, which is 
part of the 80960architecture, inspires the names given 
to the local and global registers. When a procedure call 
or return is executed, the contents of global registers 
are preserved across procedure boundaries. In other 
words, the same set of global registers is used for each 
procedure. A new set of local registers, however,is allo- 
cated for each procedure. The 80960's call and return 
mechanism is explained in Section 3.8. 


3.1.2 SPECIAL 
FUNCTION 
REGISTERS 
AND 
CONTROL 
REGISTERS 


The 80960CAuses 3 SpecialFunction Registers (SFRs) 
for communicating with on-chip peripherals. These 
SFR's are an architectural extension specific to the 
8096OCA.The SFRs on the 80960CAare designated as 
sfO,sft, and sf2. SFRs are accessed as source operands 
by most of the 8096OCA'sinstructions. The registers 
serve as part of the programmer's interface to the 
DMA and interrupt controller. 


The 80960CA supplies 16, 32-bit global registers desig- 
nated gO through gIS. Registers gO through gI4 are 
general purpose global registers. Register glS is re- 
served for the current Frame Pointer. This register is 
available in assemblylanguage as the fp register. The fp 
contains the address of the first byte in the current 
stack frame. The fp register and the stack frame are 
described in Section 3.8. 
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Control registers, like SFRs are used to communicate 
with the on-chip peripherals. Configuration informa- 
tion for the peripherals is generally stored in these reg- 
isters. Control registers can only be accessed by using 
the system control 
(sysctJ) instruction. 
The sysctl 
instruction is used to load the internal control register 
from a table in external memory called the control ta- 
ble. In order to simplify the process of peripheral con- 
figuration, the control registers are automatically load- 
ed from this table at initialization. 


3.1.3 LITERALS 


3.2 Address Space and Memory 


The address space of the 80960CA (Figure 3-2) is con- 
sidered a subset of the execution environment since the 
code, data, data structures, and external peripherals for 
the processor reside here. The 80960 family has an ad- 
dress space which is 232 bytes (4 Gbytes) in size. This 
address space is linear (unsegmented); therefore, code, 
data, and peripherals may be placed anywhere in the 
usable space. For the 8096OCA, some memory loca- 
tions are reserved or are assigned special functions as 
shown in Figure 3-2. 


The 80960CA provides literals which may be used in 
the place of source register operands in most instruc- 
tions. The literals range from 0 to 31 (5 bits). When a 
literal is used as an operand, the processor expands it to 
32 bits by adding leading zeros. If the instruction de- 
fines an operand larger than 32 bits, the processor zero 
extends the literal to the operand size. 


3.2.1 INTERNAL 
DATA 
RAM 


The 80960CA provides 1 Kbyte of internal static RAM 
for fast access of frequently used data. The data RAM 
allows time critical data storage and retrieval, with no 
dependence on the performance of the external bus. 
Any 
load 
or 
store, 
including 
quad-word 


ADDRESS 


00000000 


0000003F 
00000040 


0000 
OOBF 
OOOOOOCO 


OOOOOOFF 
00000100 


0000 
O~FF 
00000400 


FEFF 
FFFF 
FFOO 0000 


FFFF 
FEFF 
FFFF 
FFOO 


FFFF 
FF2C 
FFFF 
FF2D 


FFFF 
FFFF 


H 
Interrupt Vectors (optional) 


H 
(Internal SRA~) 


H 
D~A Registers (optional) 
(Internal SRA~) 


H 
H 
1 
Data RA~ (Internal SRA~. 


H 
User Write Protected) 


H 
Data RA~ (Internal SRA~. 
Programmable User 
Write Protection) 


H 
H 


Code/Data 
<~ 
Archltecturally 
<~ 
Defined Data 
Structures 
(External ~emory) 


H 
H 
<~ 
Reserved 
<~ 
H 
H 
Initialization Boot Record 


H 
(External ~emory) 


H 
Reserved 
H 


o 


64 


92 


256 


1024 


232 -1 (4 Gbytes) 
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Figure 3·2. Address 
Space 
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3.3 
Memory Addressing 
Modes 
operations, execute in a single clock cycle when direct- 
ed to internal data RAM. The data RAM is located at 
address OOHin the processor's address space. When the 
DMA controller is in use, 32 bytes of data RAM are 
reserved for each active DMA channel. Additionally, 
64 bytes of data RAM are reserved for 16 interrupt 
vectors which may be cached internally to reduce inter- 
rupt latency. The data RAM reserved for the DMA 
controller and the interrupt controller can be used for 
additional data storage when these peripherals are not 
used. 


Two execution modes are possible on the 8096OCA, 
user mode or supervisor mode. These modes are used to 
implement a protection model in which system data 
structures are isolated from user code. As shown in 
Figure 3-2, the first 256 bytes of data RAM are always 
write protected when a program is executing in user 
mode but may always be written when executing in 
supervisor mode. The remainder of the data RAM can 
be programmed for this protection feature. The user 
and supervisor modes are described further in Section 
3.7. 


3.2.2 RESERVED 
ADDRESS 
SPACE 


The 
upper 
16 Mbytes 
of memory 
(FFOOOOOOH- 
FFFFFFFFH) 
are reserved for specific functions and 
extensions to the 80960 architecture. The 12 words in 
reserved space (FFFFFFOOH-FFFFFF2CH) 
are used 
to start up the processor when it comes out of reset. 
These 12 words are called the initialization 
boot record. 


3.2.3 ARCHITECTURALLY 
DEFINED 
DATA 
STRUCTURES 


To execute a program on the 8096OCA,data structures 
specific to the 80960 architecture must reside in the 
processor's 
address space. Architecture-defined 
data 
structures include stacks, initialization structures, and 
various procedure entry tables. These data structures 
may generally be located anywhere in the address 
space. Pointers to each data structure 
are specified 
when the 80960CA is initialized. The architecture-de- 
fined data structures include: 


User Stack 
Interrupt Stack 
Supervisor Stack 


Interrupt Table 
System-Procedure 
Table 
- 
Fault Table 


In addition to the data structure defmed by the archi- 
tecture, the 80960CA requires several implementation- 
specific data structures which are used for configuring 
peripherals and initialization. These data structures in- 
clude: 
- 
Control Table 
- 
Process Control Block 
- 
Initialization Boot Record 


Each data structure will be explained in more detail 
later in this product overview. 


The 80960CA offers a variety of modes for memory 
addressing. The addressing modes available are summa- 
rized in Table 3-1. 


Absolute 
addressing is used to reference an address as 


an offset from address 0 of the processor's address 
space. At the machine level, absolute addressing may be 
implemented in one of two ways depending on the size 
of the absolute offset from address O. Two instruction 
formats, MEMA and MEMB, are used to provide abso- 
lute addressing modes. For the MEMA format, the off- 
set is an ordinal number ranging from 0 to 2048. For 
the MEMB format, the offset is an integer (called a 
displacement) ranging from -231-1 to 231.An assem- 
bler will choose the MEMA or MEMB format based on 
the size of the offset. 


Register-indirect 
addressing modes use a 32-bit ordinal 
value in a register as the base for the address calcula- 
tion. Offsets and indexes are added to this address base 
depending on the particular 
addressing mode. The 


register-indirect-with-index 
addressing 
mode 
adds 
a 


scaled index to the address base. The index is specified 
as a value in a register. The scale value may be selected 
as 1,2,4, 
8, or16. 


The index-with-displacement 
addressing mode uses a 
scaled index plus an integer displacement. No address 
base is used in this address calculation. 


The IP-with-displacement 
addressing mode is used with 


load and store instructions to make them IP relative. In 
this mode, an integer displacement plus a constant of 8 
is added to the IP of the instruction to calculate the 
next address. 


Table 3·1. Memory 
Addressing 
Modes 


Mode 
Description 


Absolute 
Offset 
Offset 


Absolute 
Displacement 
Displacement 


Register 
Indirect 
Abase 


Register 
Indirect with 
Abase + Offset 
Offset 


Register 
Indirect with 
Abase + (Index' Scale) 
Index 


Register 
Indirect with 
Abase + (Index' Scale) 


Index and Displacement 
+ Displacement 


Index with Displacement 
(Index'Scale) 
+ 
Displacement 


Register 
Indirect with 
Abase + Displacement 


Displacement 


IP with Displacement 
IP + Displacement 
+ 8 
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3.4 Data Types 


The 80960CA operates on the following data types (Figure 3-3): 


- 
Integer (8, 16, 32, and 64 bits) 
- 
Ordinal (8, 16, 32, and 64 bits) 


- 
Bit 
- 
Bit Field 
- 
Triple Word (96 bits) , 


- 
Quad Word (128 bits) 


," 
• 
- 


" 
" 
.' 
. 


~ 
, 
B~SIBYTE! 
, 


31 
L-J 
. 
0 
7 
0 


LENGTH(1 TO 32 BITS)-.J' 
Bl;sl 
SHORTI 


15 
0 


[ 
B~isl 
, 


WORD! 


31 
0 


64 
1 
LONG! 
BITS 
- 
. 


.,., 
e 


B~:sl 
" 
" 
1 
I 
TRIPLE WORDI 


t 
I 
- 


128 
1 
I 
I 
.' 
l' 
,.. 
I,· -' 
QUAD WORDI 
BITS 


" 
i 
, 
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Class 
Data Type 
Length 
Range 
. 


Numeric 
Byte Integer 
8 bits 
-27to 
27 - 
1 
(Integer) 
Short Integer 
16 bits 
-215 
to 215 - 
1 
Integer 
32 bits 
-231 
to 231 - 
1 
Long Integer 
64 bits 
-263 
to 263 - 
1 


Numeric 
Byte Ordinal 
8 bits 
Oto28 
- 
1 
(Ordinal) 
Short Ordinal 
16 bits 
Oto216-1 
Ordinal 
32 bits 
Oto232-1 
Long Ordinal 
. 
64 bits 
Oto264 
- 
1 


Non-Numeric 
Bit 
1-bit 
Bit Field 
1-32 
bits 
Triple Word 
96 bits 
N/A 


Quad Word 
128 bits 


" 


Figure 3·3_ Data Types 
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3.5.1.1Data Movement Instructions 
The following sections describe the data types support- 
ed by the 8096OCA. 


3.4.1 NUMERICDATA TYPES 


Integers and ordinals are considered numeric data 
types since the processor performs arithmetic opera- 
tions with this data. The integer data type is a signed 
binary value in standard 2's complement representa- 
tion. The ordinal data type is an unsigned binary value. 


3.4.2 NQN-NUMERICDATA TYPES 


The remaining data types (bit field, triple word, and 
quad word) represent groupings of bits or bytes that the 
processor can operate on as a whole, regardless of the 
nature of the data contained in the group. These data 
types facilitate the moving of blocks of bits or bytes.: 


3.5 Instruction Set 


The 80960CA features a comprehensive instruction set 
(Table 3-2). Much of the instruction set is that of a 
RISC architecture. Unlike pure RISC machines, how- 
ever, the 80960CA provides an extension to the RISC 
instruction set with instructions that perform complex 
functions such as procedure calls and returns, high- 
speed multiplies, and other complex control, arithme- 
tic, and logical operations. The instruction' set allows 
functionally complex yet highly compact code to be 
written for embedded control applications where mem- 
ory is a valuable commodity. 


3.5.1 INSTRUCTIONGROUPS 


The 80960CA instruction set is most easily described if 
grouped by the functions listed below: 
Data Movement 
Address Computation 
Logical and Arithmetic 
Bit and Bit Field 
Comparison 
Branch 
Call and Return 
Fault 


Debug 
Processor Management 


The instructions which make up each of these groups 
are described in the following sections. 


The data movement instructions move data from mem- 
ory to registers, from registers to memory, and between 
registers. The load instructions copy bytes, words, or 
multiple words from memory to a selected register or 
group of registers. Conversely, the store instructions 
copy bytes, words, or groups of words from a selected 
register or group of registers to memory. The move in- 
structions copy data between registers. 


Load Instructions 
ioadword 
ioadordinalbyte 
loadordinalshort 
loadintegerbyte 
loadintegershort 
load long 
loadtriple 
loadquad 


-Id 
-Idob 
-Idos 
-Idib 
-Idis 
-Idl 
-Idt 
-Idq 


Store Instructions 
- st 
storeword 
- stob 
storeordinalbyte 
- stos 
store ordinalshort 
• 
- stib 
store integerbyte 
• 
- stis 
store integershort 
- stl 
store long 
~stt 
storetriple 
- stq 
store quad 


Move Instructions 
- mov 
moveword 
- movl 
movelong 
- movt 
movetriple 
- movq 
movequad 


3.5.1.2Address Computation Instructions 


The load address (lda) instruction causes a 32-bit ad- 
dress to be computed and placed in a destination regis- 
ter. The address is computed based on the addressing 
mode selected. The load and store instructions perform 
a function identical to that of the Ida instruction when 
calculating a source or destination address. The lda in- 
struction is useful for loading a 32-bit constant into a 
register. 


3.5.1.3Logical and Arithmetic Instructions 


Logical instructions perform bitwise Boolean opera- 
tions on operands in registers. Since this group of in- 
structions performs only bitwise manipulations of data, 
separate logical instructions 
for integer and ordinal 
data types do not exist. In the table below, srcJ and 
src2 represent processor registers or literals which are 
the operands for these instructions. 
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Table 3 2 Instruction 
Set Summary 
,., 
- 


Data 
Arithmetic 
Logical 
Bit and 
Movement 
Bit Field 


Load 
Add 
And 
Set Bit 
Store 
Subtract 
Not And 
Clear Bit 
Move 
Multiply 
And Not 
Not Bit 
Divide 
Or 
Check Bit 
Remainder 
Exclusive Or 
Alter Bit 
Modulo 
Not Or 
Scan for Bit 


) 


Scan for Byte 
Shift 
Or Not 
Span over Bit 
Extended 
Nor 
Extract 
Shift 
Exclusive 
Nor 
Modify 
, 


Extended 
Not 
Multiply 
Nand 
Extended 
Rotate 
Divide 
Add with 
Carry 
Subtract 
with 
Carry 


Comparison 
Branch 
Call and 
Fault 
Return 


Compare 
Unconditional 
Call 
Conditional 
Condition 
Branch 
Call Extended 
,. 
Fault 
- 


Compare 
Conditional 
Call System 
Synchronize 
Compare 
and 
Branch 
Return 
Faults 
Increment 
Branch and 
Compare 
and 
Link 
Decrement 
Condition 
I 


Condition 
Test 
Compare 
and Conditional 
Branch 


Debug 
Processor 
Address 
At9mlC 
Management 
Computation 


Modify Trace 
Modify 
Load Address 
Atomic Add 
Controls 
Process 
Atomic 
Modify 
Mark 
Controls 


- 
Force Mark 
Modify 
Arithmetic 
Controls 
System Control 
Update DMA 
Setup DMA 
Flush Local 
Registers 
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Logical Instructions 
- and 
src1and src2 
- notand 
src1and (not src2) 
- andnot 
(notsrc1) and src2 
- or 
src1or srcz 
- notor 
src1or (not src2) 


- ornot 
(notsrc1)or src2 
- xor 
src1xor src2 
- xnor 
src1xnor src2 
- nor 
not (src1or src2) 
- nand 
not (src1and src2) 
- not 
not (src1) 


Arithmetic instructions perform add, subtract, multi- 
ply, divide, and shift operations on integer or ordinal 
operands in registers. 


-addl 
-addo 
-subl 
-subo 
-mull 
-mulo 
-dlvl 
-dlvo 
-reml 
-remo 
-modi 
- rotate 
- shll 
-shlo 
- shrl 
-shro 
- shrdl 


Arithmetic Instructions 
add integer 
addordinal 
subtractinteger 
subtractordinal 
multiplyinteger 
multiplyordinal 
divideinteger 
divideordinal 
remainderinteger 
remainderordinal 
modulointeger 
rotate bit left 
shift left integer 
shift left ordinal 
shift rightinteger 
shift rightordinal 
shift rightdividinginteger 


Extended arithmetic instructions facilitate computation 
on ordinals and integers which are longer than 32 bits. 
In add with carry and subtract with carry instructions, 
the carry out from the previous arithmetic instruction 
is used in the computation. The extended multiply in- 
struction multiplies two ordinal source operands pro- 
ducing a long ordinal result (64 bits). The extended 
divide instruction divides a long ordinal dividend by an 
ordinal divisor and produces. a 64-bit result. The ex- 
tended shift right instruction shifts a 64-bit source val- 
ue and produces the lower order 32 bits of the shifted 
value. 


Extended Arithmetic Instructions 
- addc 
add ordinalwith carry 
- subc 
subtractordinalwith carry 
- emul 
extendedmultiply 
- edlv 
extendeddivide 
- eshro 
shift rightextendedordinal 


The atomic instructions perform read-modify-write op- 
erations on operands in memory. They allow a system 
to insure that when an atomic operation is performed 
on a specified memory location, the operation will be 
completed before another agent is allowed to perform 
an operation on the same memory. These instructions 
are required to enable synchronization between inter- 
rupt handlers and background 
tasks in any system. 


They are also particularly useful in systems where sev- 
eral agents (processors, coprocessors, or external logic) 
have access to the same system memory for communi- 
cation. 


Atomic Instructions 
- atadd 
atomicadd 
- atmod 
atomicmodify 


3.5.1.4 Bit and Bit Field Instructions 


The bit instructions operate on a specified bit in a regis- 
ter. 


Bit Instructions 
- setblt 
- clrblt 
- notblt 
- alterblt 
- scanblt 
- sp,anblt 


set bit 
clear bit 
not bit 
alter bit 
scanfor bit 
spanover bit 


Bit field instructions operate on a specified contiguous 
group of bits in a register. This group of bits can be 
from 0 to 32 bits in length. 


Bit Field Instructions 
- extract 
extractfield 
- modify 
modifyfield 
- scanbyte 
scanfor byte 


3.5.1.5 Branch Instructions 


The branch instructions allow the direction of program 
flow 
to 
be 
changed 
by 
explicitly 
modifying 
the 


Instruction Pointer (JP). The target IP in a branch in- 
struction i~ generally specified as a displacement to be 
added to the current IP. The extended branch instruc- 
tions allow IP calculation using any addressing mode. 


The unconditional branch instructions always alter pro- 
gram flow when executed. 


Unconditional Branch 
Instructions 
- b 
branch 


- bx 
branchextended 


4-11 


The RISe 
branch-and-link instructions automatically 


save a Return 
Instruction 
Pointer (RIP) before the 


inter 
80960CA PRODUCT OVERVIEW 


jump is taken. The RIP is the address of the instruction 
following the branch and link. 


Branch and Link Instructions 


- bal 
branch and link 


- balx 
branch and link extended 


Conditional 
branch 
instructions 
alter program 
flow 


only if the condition 
code flags in the arithmetic control 


register match a value specified in the instruction. The 
condition code flags indicate conditions of equality or 
inequality between two operands in a previously execut- 
ed instruction. The arithmetic control register and con- 
dition code flags are described in Section 3.6. 


Based on a branch 
prediction 
flag 
located in the ma- 


chine level instruction, the 80960CA will assume that 
an instruction usually takes or does not take a condi- 
tional branch. By executing along the predicted path of 
program flow, delays due to breaks in the instruction 
stream are often avoided. This feature of the 80960CA 
is referred to as branch prediction. 
The 80960CA incor- 
porates the branch prediction feature because code us- 
ing a conditional branch instruction usually favors a 
single direction of program flow. 


The branch prediction flag.is specified at the assembly 
level by appending a .t or .f to a conditional branch 
instruction meaning, respectively, "assume branch tak- 
en" or "assume branch not taken". For example, the 
assembler mnemonic be.t means that the processor will 
assume that 
this branch-if-equal 
instruction 
usually 
branches when encountered. In the following table .p 
represents the branch prediction flag. 


Conditional 
Branch Instructions 


- be.p 
branch if equal 


- bne.p 
brarrch if not equal 


- bl.p 
branch if less 


- ble.p 
branch if less or equal 


- bg.p 
branch if greater 


- bge.p 
branch if greater or equal 


- bo.p 
branch if ordered 


- bno_p 
branch if unordered 


Compare and conditional branch instructions compare 
two operands, then branch according to the immediate 
results. 


Conditional 
Compare 
and 


Conditions 
Branch Instructions 


- cmpibe.p 
compare 
integer 
and branch if 
equal 


- cmpibne.p 
compare 
integer 
and branch if 
not equal' 


-cmplbl.p 
compare 
integer 
and branch if less 
-cmplble.p 
compare 
integer 
and branch if less 
or equal 
-cmplbg_p· 
compare 
integer 
and branch if 
greater 


-cmplbge.p 
compare 
integer 
and branch if 
greater or equal 
-cmplbo.p 
compare 
integer 
and branch if 
ordered 
-cmplbno.p 
compare 
integer 
and branch if 
unordered 
-cmpobe.p 
compare 
ordinal 


and branch if 
equal 
-cmpobne.p 
compare 
ordinal 


and branch if 
not equal 
-cmpobl.p 
compare 
ordinal 
and branch if less 
-cmpoble.p 
compare 
ordinal 
and branch if less 
or equal 


-cmpobg.p 
compare 
ordinal 
and branch if 
greater 
-cmpobge.p 
compare 
ordinal 
and branch if 
greater or equal 
- bbs.p 
check bit 
and branch 
if set 
- bbc.p 
check bit 
and branch 
if clear 


3.5.1.6 Compare 
and Condition 
Test 
Instructions 


The 80960CA provides several types of instructions 
that are used to compare two operands. The condition 
code flags in the arithmetic control register are set to 
indicate whether one operand is less than, equal to, or 
greater than the other operand. 


Compare 
Instructions 


- cm pi 
compare 
integer 
- cmpo 
compare 
ordinal 
- chkblt 
check bit 


Conditional 
compare 
instructions 
test 
the 
existing 


status of the condition code flags before a compare is 
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3.5.1.8 
Fault Instructions 
performed. These conditional compare instructions are 
provided to optimize two-sided range comparisons (i.e. 
to test if a value is less than one number but greater 
than another). 


Conditional 
Compare 
Instructions 


- concmpl 
conditional 
compare 
integer 
- concmpo 
conditional 
compare 
ordinal 


The compare and increment and compare and decre- 
ment instructions set the condition code flags based on 
a comparison of two register sources, decrements or 
increments one of the sources, and finally stores this 
result in a destination register. 


-cmpincl 
-cmplnco 
-cmpdeci 
-cmpdeco 


compare 
and increment 
integer 
compare 
and increment 
ordinal 
compare 
and decrement 
integer 
compare 
and decrement 
ordinal 


The condition test instructions allow the state of the 
condition code flags to be tested. Based on the outcome 
of the comparison, a true or false code is stored in a 
destination register. The branch prediction flag is used 
in this instruction to reduce the execution time of the 
instruction when the test outcome is predicted correct- 
ly. For example teste.t (test if equal) will execute in a 
shorter time if the condition code flags test true for the 
equal condition. 
Analogous to the function of the 
branch prediction flag in the conditional compare and 
branch instructions, 
the prediction flag in this case 
eliminates breaks in the micro-instruction 
sequence 
which is used to implement the condition test instruc- 
tions. 


Condition 
Test Instructions 


- teste.p 
test if equal 
- testne.p 
test if not equal 
• testl.p 
test if less 
- testle.p 
test if less or equal 
- testg.p 
test if greater 
- testge.p 
test if greater or equal 
- testo.p 
test if ordered 
- testno.p 
test if not ordered 


3.5.1.7 
Call and Return 
Instructions 


The 80960CA features an on-chip call and return 
mechanism for making procedure calls to local and sys- 
tem procedures. The call instructions and the call and 
return mechanism is described in Section 3.8. 


Call and Return Instructions 


- call 
call 
- calix 
call extended 
- calls 
call system 
• ret 
return 


The 80960CA will fault automatically as the result of 
certain errant operations which may occur when exe- 
cuting code. Fault procedures are then invoked auto- 
matically to handle the various types of faults. In addi- 
tion, the fault instructions permit a fault to be generat- 
ed explicitly based on the value of the condition code 
flags. The branch prediction flag in these instructions is 
used to reduce the execution time of these instructions 
when the state of the condition code flags are guessed 
correctly. 


Conditional 
Fault Instructions 


- faulte.p 
fault if equal 
- faultne.p 
fault if not equal 
- faultl.p 
fault if less 
- faultle.p 
fault if less or equal 
- faultg.p 
fault if greater 
- faultge.p 
fault if greater or equal 
- faulto.p 
fault if ordered 
- faultno.p 
fault if unordered 


The syncf instruction causes the processor to wait for 
all faults to be generated which are associated with any 
prior uncompleted instructions. 


- syncf 
synchronize 
faults 


3.5.1.9 
Debug Instructions 


The processor supports debugging and monitoring of 
program activity through the use of trace events. The 
debug instructions support debugging and monitoring 
software. 


Debug Instructions 


- modtc 
modify trace controls 
- mark 
mark 
- fmark 
force mark 


3.5.1.10 
Processor 
Management 
Instructions 


The 80960CA provides several instructions for direct 
control of processor functions and for configuring the 
80960CA's peripherals. A brief description of the proc- 
essor management instructions is given below. 


Processor 
Management 
Instructions 


- modpc 
modify process controls 
• modac 
modify arithmetic 
controls 
• sysctl 
system control 
instruction 
- udma 
update DMA SRAM 
- sdma 
setup DMA 
- flushreg 
flush local registers 
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3.6 Arithmetic 
Controls 


The Arithmetic 
Control (AC) Register is a 32-bit on-chip 
register (Figure 3-4). The AC register is used primarily 
to monitor and control the execution of 80960CA arith- 
metic instructions. The processor reads and modifies 
bits in the AC register when performing many arithme- 
tic operations. The AC register is also used to control 
the faulting 
conditions 
for some instructions. 
The 
modae instruction allows the user to directly read or 
modify the AC register. 


The processor sets the condition code flags (bits 0-2) to 
indicate equality or inequality as the result of certain 
instructions (such as the compare instructions). Other 
instructions, such as the conditional branch instruc- 
tions, take action based on the value of the condition 
code flags. Table 3-3 shows the functional assignment 
for each condition code flag. 


Table 3-3. Arithmetic 
Condition 
Codes 


Condition 
Condition 
Code 


001 
Greater Than 
010 
Equal 
100 
Less Than 


The integer overflow flag (bit 8) and the integer over- 
flow mask (bit 12) are used in conjunction with the 
arithmetic integer overflow fault. The mask bit masks 
the integer overflow fault. When the fault is masked, 
and an integer overflow occurs, the integer overflow 
flag is set but no fault handling action is taken. If the 
fault is not masked, and an integer overflow occurs, the 
integer overflow fault is taken and the integer overflow 
flag is not set. 


The no imprecise faults flag (bit 15) determines if im- 
precise faults are allowed to occur. Fault handling and 
precise and imprecise faults in the 80960CA are dis- 
cussed in Section 3.10. 


3.7 
Process Management 


Process management 
refers to the monitoring and con- 
trol of certain properties of an executing process. The 
following sections describe the mechanisms available on 
the 80960CA to perform this function. 


t 1_1==== 
Reserved 
(Initialize 
to 0) 


Figure 3-4. Arithmetic 
Control 
Register 
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3.7.1 PROCESS 
CONTROL 
REGISTER 


The ProcessControl (PC) Register (Figure 3-5) provides 
access to process state information. The function for 
the PC register is described below. 


Execution 
Mode Flag-This 
flag indicates that 
the 
processor is executing in user mode (0) or supervisor 
mode (1). 


Priority Field-This 
5-bit field indicates the current ex- 
ecuting priority of the processor. Priority values range 
from 0 to 31, with 0 as the lowest and 31 as the highest 
priority. 


State Flag-This 
flag determines the executing state of 
the processor. The processor state is either executing 
state (0) or interrupted state (I). 


Trace Enable Bit and Trace Fault Pending Flags- 
These fields control and monitor trace activity in the 
processor. The Trace Enable Bit enables fault genera- 
tion for trace events. The Trace Fault Pending Flag 
indicates that a trace event has been detected. 


The process controls can be modified by software with 
the modify process controls (modpc) instruction. The 
modpc instruction may only write the PC register when 
the processor is in supervisor mode. 


3.7.2 PRIORITIES 


The 80960 architecture defines a means to assign priori- 
ties to executing programs and interrupts. The current 
priority of the processor is stored in the priority field of 
the PC register. This priority is used to determine if an 
interrupt will be serviced and in which order multiple 
pending interrupts will be serviced. Setting the priority 
of an executing program above that of interrupts allows 
critical code to be prioritized and executed without in- 
terruption. 


The priority field of the PC register can be modified 
directly using the modpc instruction. The priority field 
is also modified to reflect the priority of serviced inter- 
rupts. On a return from an interrupt routine, the priori- 


ty of the processor is restored to its priority before the 
interrupt occurred. 


3.7.3 PROCESSOR 
STATES 
AND MODES 


The 80960CA may execute programs in user mode or 
supervisormode. The user-supervisor protection mecha- 
nism allows a system to be designed in which kernel 
code and data reside in the same address space as user 
code and data, but access to the kernel procedures and 
data is only allowed through a tightly controlled inter- 
face. This interface is the system call table and the in- 
terrupt mechanism. The 80960CA provides a supervi- 
sor pin (SUP) to implement memory systems which 
protect code and data from possible corruption by pro- 
grams executing in user mode. Some instructions and 
functions of the 80960CA are also insulated from code 
executing in user mode. 


The processor has two operating states: executing and 
interrupted. In executing state, the processor can exe- 
cute in user or supervisor mode. In the interrupted 
state, the processor always executes in supervisor mode. 


3.8 Call and Return Mechanism 


The 80960 architecture features a built-in call and re- 
turn mechanism. This mechanism is designed to make 
procedure calls simple and fast, and to provide a flex- 
ible method for storing and handling variables that are 
local to a procedure. A call automatically allocates a 
new set of local registers and a new stack frame. All 
linkage information is maintained by the processor, 
making procedure calls and returns virtually transpar- 
ent to the user. A system call instruction is provided as 
a method for calling privileged procedures such as a 
kernel service. The call and return model supports effi- 
cient translation of structured high level code (such as 
C, or ADA) to 80960 machine language. 


The procedure call and return mechanism provides a 
number of significant benefits which contribute to the 
performance and ease of use of the 8096OCA. 
1) The call and return instructions are implemented en- 
tirely on-chip, resulting in an extremely high per- 
formance implementation of these commonly used 
functions. 


~R.s.rv.d 
L-......J 
(Initialize 
to 0) 


tt Troce Enoble 
L.: Execution Mode 


-------- 
Trace Fault Pending 
-----------Stm. 
------------ 
Priority 
270669-17 


Figure 3·5. Process 
Control 
Register 
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2) A single instruction to implement each call or return 


operation results in code density improvements com- 
pared to processors which require multiple instruc- 
tions to encode these functions. 


3) By implementing the call and return functions as 
single instructions, the 80960 architecture is open for 
further 
optimization 
of these instructions, 
while 
maintaining assembly-level compatibility. 


4) A program does not have to explicitly save or restore 
the variables stored in the local registers when a call 
or return is executed. The processor does this implic- 
itly on procedure calls and on returns. 


5) The call and return mechanism provides a structure 
for storing a virtually unlimited number of local 
variables for each procedure: the on-chip local regis- 
ters provide quick access to often used variables and 
the stack provides space for additional variables. 


3.8.1 LOCAL 
REGISTERS 
AND THE STACK 
FRAME 


At any point in a program, the 80960 has access to a 
local register set and a section of the procedure stack 
referred to as a stack frame. When a call is executed, a 
new stack frame is allocated for the called procedure. 
Additionally, the current local register set is saved by 
the processor, freeing these registers for use by the new- 
ly called procedure. In this way, every procedure has a 
unique stack and unique set of local registers. When a 


return is executed, the current local register set and 
current stack frame are deallocated. The previous local 
register set and previous stack frame are restored. This 
call and return mechanism is illustrated in Figure 3-6 
where n is procedure depth for the currently executing 
procedure. 


The procedure stack structure is defined by the 80960 
architecture. 
The procedure stack always grows up- 
ward (i.e. towards higher addresses) and the stack 
pointer (SP) always points to the next available byte of 
the stack frame. The 80960CA requires that each stack 
frame begins on a 16-byte boundary. Due to this align- 
ment requirement, a padding space of 0 to 15bytes may 
exist between adjacent stack frames in memory. When 
a stack frame is allocated, the first 16 words are always 
assigned as storage for the local registers; therefore, the 
SP initially points to the 17th word in the stack frame. 
It should be noted that although each stack frame is 
assigned storage space for the local registers, these loca- 
tions in the stack are not guaranteed to contain the 
values of the saved local registers. This is because sever- 
al sets of local registers are cached on-chip rather than 
written to the stack in external memory. This caching 
mechanism is described in detail later in this section. 


3.8.2 PROCEDURE 
LINKING 


The 80960 architecture automatically manages proce- 
dure linkage. One global register and three local regis- 
ters are reserved for procedure linkage information. 


Coli Nesting: 
STACK 


call procedurel 
call procedure2 
call procedure3 
••• 
Executing 
call proeedure(n-l) 
Here 
~ 
call procedure(n) 


Stack 
Growth 
(towards 
higher 
addre •• e.) 
+ 


Stack 
Pointer 


~ 
= Saved 
Registers 
c:J = Current 
Registers 
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Figure 3-6. Call and Return Mechanism 
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Figure 3-7 describes the pointer structure used to link 
frames and to provide a unique SP for each frame. Reg- 
ister g15 is the Frame Pointer (FP). The FP is the ad- 
dress of the first byte of the current (topmost) stack 
frame. The FP is always updated to point to the current 
frame when calls and returns are executed; Register rO 
is the Previous Frame Pointer (PFP). The PFP is the 
address of the first byte of the stack frame which was 
created prior to the frame containing this PFP. Register 
rl is the Stack Pointer (SP). The SP points to the next 
available byte of the stack frame. Register r2 is reserved 
for the Return Instruction Pointer (RIP). The RIP is 
the address of the instruction which follows a call in- 
struction, this is also the target address for the return 
from that procedure. The RIP is automatically stored 
in register r2 of the calling procedure when a call is 
executed. 


3.8.3 PARAMETER 
PASSING 


Parameters may be passed by value or passed by refer- 
ence between procedures. 
The global registers, the 


stack, or predefined data structures in memory may be 
used to pass these parameters. 


The global registers provide the fastest method for pass- 
ing parameters. The values to be passed into a proce- 
dure reside in the global registers of the calling proce- 
dure. When a procedure is called, the values in the 
global registers are preserved. If more parameters are to 
be passed than will fit in the global registers, additional 
parameters may be passed in the stack of the calling 
procedure, or in a data structure which is referenced by 
a pointer passed in the global registers. 


3.8.4 LOCAL 
REGISTER 
CACHE 


The 80960CA provides an on-chip cache for saving and 
restoring the local registers on calls and returns. This 
cache greatly enhances performance of the call and re- 
turn mechanism on the 8096OCA. Movement of data 
between the local registers and the register cache is typ- 
ically accomplished in only 4 processor clocks with no 
external bus traffic. When this cache is filled, the regis- 
ters associated with the oldest stack frame are moved to 
the area reserved for those registers on the physical 
stack (Figure 3-7). 
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Figure 3-7. Stack Frame Linkage 
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The local register cache is a physical extension of the 
internal data RAM. The part of the data RAM used for 
this cache is not visible to the user and is large enough 
to hold up to 5 sets of local registers. The register cache 
may be extended to hold up to 15 sets oflocal registers. 
When extended, each new register set consumes 16 
words of the user's data RAM, beginning at the highest 
address and growing downward. The size of the local 
register cache is selected when the processor is initial- 
ized. 


In some cases, the contents of the cached local register 
sets may require examination or modification (e.g. for 
fault handling). Since the local registers are cached, the 
flushreg instruction is provided to flush the local regis- 
ter cache to the locations reserved for the registers on 
the stack. This insures that the values in external mem- - 
ory are consistent with the values held in the local reg- 
ister cache. 


3.8.5 LOCAL 
AND SYSTEM 
CALLS 


The 80960CA provides two methods for making proce- 
dure calls: local calls and system calls. Local and sys- 
tem calls differ in their operation and use in an applica- 
tion. 


The local call instructions initiate a procedure call us- 
ing the call and return mechanism described earlier. 
The stack frames for these procedure calls are allocated 
on the localprocedure stack. A local call is made using 
either of two local call instructions: call or caUx. The 
call instruction specifies the address of the called proce- 
dure using an IP plus displacement addressing mode 
with a range of - 223 to 223 - 4 bytes from the current 
IP. The calIx (call extended) instruction specifies the 
address of the calling procedure 
using any of the 
80960's addressing modes. 


A system call is made using the calls instruction. This 
call is similar to a local call except that the processor 
gets the IP for the called procedure from a data struc- 
ture called the system procedure table. The caUs in- 
struction requires a procedure number operand. This 
procedure number serves as an index into the system 
procedure table, which contains lP's for specific proce- 
dures. The system procedure table is shown in Figure 
3-8. 


The system call mechanism supports two types of pro- 
cedure calls: system-local calls and system-supervisor 
calls (also referred to as supervisor calls). The system- 
_0 
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Figure 3-8. System Procedure 
Table 
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local call performs the same action as the local call 
instructions with one exception: the IP target for a sys- 
tem-local call is fetched from the system-procedure ta- 
ble. The supervisor call differs from the local call as 
follows: 
1) A supervisor call causes the processor to switch to 
another stack (called the supervisor stack). 
2) A supervisor call causes the processor to switch to 
the 
supervisor 
execution 
mode 
and 
asserts 
the 
8096OCA's supervisor (SUP) pin for all bus accesses. 


The system call mechanism offers several benefits. The 
system call promotes the portability of application soft- 
ware. System calls are commonly used for kernel serv- 
ices. By calling these services with a procedure number 
rather than a specific lP, application software does not 
have to be changed each time the implementation of the 
kernel service is modified. Additionally, the ability to 
switch to a different execution mode and stack allows 
kernel procedures and data to be insulated from appli- 
cation code. 


3.8.6 IMPLICIT 
PROCEDURE 
CALLS 


The call and return mechanism described for procedure 
calls applies to several classes of call instructions as 
well as to the context switching initiated by interrupts 
and faults. When an interrupt or fault condition occurs, 
an implicit call is performed that saves the current state 
of the processor before branching to the interrupt or 
fault handling procedure. When this context switch oc- 
curs, the local registers are saved and a new stack frame 
is allocated. Additionally, the values of the AC register 
and PC register are saved when the implicit call occurs. 
These values are restored on the return from the inter- 
rupt or fault handler. 


3.9 Interrupts 


An interrupt is a temporary break in the control stream 
of a program so that the processor can handle another 
task. Interrupts 
may be triggered by the instruction 
stream or by hardware sources internal and external to 
the 8096OCA.An interrupt request is associated with a 
vector (i.e. an address) of an interrupt handling proce- 
dure. The processor will branch to the handling proce- 
dure when an interrupt is serviced. When the handling 
action is completed, the processor is restored to its state 
prior to the interrupt. 


3.9.1 INTERRUPT 
VECTORS 
AND PRIORITY 


Interrupt 
vectors are simply instruction pointers (ad- 
dresses) to interrupt handling procedures. The 80960 
architecture defines 248 interrupt vectors. This means 


that 248 unique interrupt handling procedures may be 
used. An 8-bit interrupt vector number is associated 
with each interrupt vector. This number ranges from 8 
to 255. Each interrupt vector has a priority from I to 
31, which is determined by the 5 most significant bits of 
the interrupt vector number. Priority 1 is the lowest 
priority and 31 is the highest. Priority 0 interrupts are 
not defined. 


The 80960CA executes with a unique priority ranging 
from 0 to 31. When an interrupt is serviced, the proces- 
sor's priority switches to the priority corresponding to 
that of the interrupt request. When a return from an 
interrupt procedure is executed, the process priority is 
restored to its value prior to servicing the interrupt. 
This priority switching is handled automatically by the 
8096OCA. 


The 80960CA compares its current priority and the pri- 
ority of an interrupt request to determine whether to 
service an interrupt immediately or to delay service. If a 
requested interrupt priority is greater than the proces- 
sor's current priority or equal to 31, the processor serv- 
ices the interrupt immediately; otherwise, the processor 
saves (posts) the interrupt request as a pending inter- 
rupt so that it can be serviced later. When the proces- 
sor's priority falls below the priority of a pending inter- 
• 
rupt, the pending interrupt is serviced. With the mecba- 
• 
nism described, interrupts with a priority of 0 will nev- 
er be serviced. For this reason, vectors numbered 0 to 7 
are not defined. 


3.9.2 INTERRUPT 
TABLE 


The interrupt table (Figure 3-9) is an architecturally 
defined data structure which holds the interrupt vectors 
and information on pending interrupts. 
The first 36 
bytes of the table are used to post interrupts. The 31 
most significant bits in the 32-bit pending priorities 
field represent a possible priority (I to 31) of a pending 
interrupt. When the processor posts an interrupt in the 
interrupt table, the bit corresponding to the interrupt's 
priority is set. For example, if an interrupt with a prior- 
ity of lO is posted in the interrupt table, bit 10 is set in 
the pending priorities field. 


The pending interrupts field contains a 256-bit string in 
which each bit represents an interrupt vector. When the 
processor posts an interrupt in the interrupt table, the 
bit corresponding to the vector number of that inter- 
rupt is set. 


Portions of the interrupt table are cached on-chip in a 
non-transparent 
fashion. This caching is implemented 
to minimized interrupt latency by reducing the number 
of accesses to the table in external memory when an 
interrupt is serviced. 
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Figure 3-9. Interrupt 
Table 


3.9.3 INTERRUPT 
STACK 


Stack frames for interrupt handling procedures are allo- 
cated on a separate interrupt stack. The interrupt stack 
can be located anywhere in the processor's address 
space. The beginning address of the interrupt stack is 
specified when the processor is initialized. 


3.9.4 INTERRUPT 
HANDLING 
ACTION 


When an interrupt is serviced, the processor saves the 
processor state and calls the interrupt procedure. The 
processor state is restored upon return from the inter- 
rupt procedure. 


This interrupt service mechanism is handled by an im- 
plicit call operation. When the interrupt is serviced, the 
current local registers are saved. A new local register 
set and stack frame are allocated on the interrupt stack 
for the interrupt handler procedure and the processor 
switches 'to supervisor execution mode. In addition to 
the local registers, the current value of the AC and PC 
registers are saved as an interrupt record on the inter- 
rupt stack. 


3.9.5 PENDING 
INTERRUPTS 


Any of the 248 interrupts can be requested by software. 
The system control instruction (sysctl) is provided to 
support this feature. When the system control instruc- 
tion requests an interrupt, one of two actions may oc- 
cur depending on the priority of the requested interrupt 


and the current process pnonty. 
I) The interrupt is 
serviced immediately, or 2) the interrupt is posted (the 
pending priorities field and the pending interrupts field 
are modified to reflect a pending interrupt). 


Interrupts may also be requested by hardware sources 
internal and external to the 80960CA. Managing the 
hardware sources and posting these interrupts is han- 
dled by the interrupt controller. Interrupts requested by 
hardware are posted in an internal register, not in the 
interrupt table. A mask register enables or disables in- 
terrupts from each hardware source. Requesting and 
posting hardware interrupts is described in Section 4.4 
Interrupt Controller. 


3.9.6 INTERRUPT 
LATENCY 


The time required to perform an interrupt task switch 
is referred to as the interrupt latency. The latency is the 
time measured between the activation of an interrupt 
source and the execution of the first instruction for the 
interrupt-handling procedure for the source. 


Interrupt latency for the 80960CA varies depending on 
conditions such as: 
Complex instructions are executing when the inter- 
rupt occurs (e.g. sysctl, call, ret, etc.). 
Outstanding loads to a local register are pending, 
delaying the interrupt context switch. 
Division, multiplication, 
or other multi-cycle in- 
structions with a local register as destination are 
executing. 


The 80960CA has been designed to optimize latency 
and throughput for interrupts. Two processor features 
are designed for this purpose: 


First, in the interrupt table, all interrupt vectors with 
an index whose least significant four bits are 00102 can 
be cached in internal data RAM. The processor will 
automatically read these vectors from data RAM when 
the interrupt is serviced. This feature reduces the added 
latency due to an external access of the interrupt table 
for that vector. The NMI vector is always cached in 
data RAM. 


Second, an instruction cache locking mechanism allows 
interrupt procedures or segments of interrupt 
proce- 
dures to be stored in the instruction cache. These rou- 
tines are always executed from the internal cache, elim- 
inating external code fetches and reducing latency and 
increasing throughput for the interrupt. 
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Table 3-4. Fault Types and Subtypes 
3.10 
Fault Handling and Instruction 
Tracing 


The 80960CA is able to detect various conditions in 
code or in its internal state that could cause the proces- 
sor to deliver incorrect or inappropriate results or that 
could cause it to head down an undesirable control 
path. These conditions are referred to as faults. The 
80960 architecture provides fault handling mechanisms 
to detect and, in most cases, fully recover from a fault. 


The 80960CA provides on-chip debug supportby 
trig- 
gering trace events and servicing the trace fault. A trace 
event is activated when a particular instruction or type 
of instruction is encountered in an instruction stream. 
The trace event optionally signals a fault. A fault han- 
dling procedure for the trace fault can act as a debug 
monitor and analyze the state of the processor when the 
trace event occurred. 


3.10.1 FAULT 
TYPES 
AND SUBTYPES 


All of the faults that the processor detects are pre- 
defmed. These faults are divided into types and sub- 
types, each of which is given a number. Table 3-4 lists 
the faults that the processor detects arranged by type 
and subtype. 


Fault Type 
Fault Subtype 
Fault Record 


Parallel 
XXOOOOXX 


Trace 
Instruction 
Type 
XX010002 


Branch Trace 
XX01 0004 


Call Trace 
XX01 0008 
Return Trace 
XX01 0010 


Prereturn Trace 
XX010020 
I· 
Supervisor 
Trace 
XX010040 


Breakpoint 
Trace 
XX010080 


Operation 
Invalid Opcode 
XX020001 


Unimplemented 
X0020002 
Invalid Operand 
XX020004 


Arithmetic 
Integer Overflow 
XX030001 


Arithmetic 
Zero-Divide 
XX030002 


Constraint 
Range 
XX050001 


Privileged 
XX050002 


Protection 
Length 
XX070001 


Type 
Mismatch 
XXOAOO01 


NOTE: X refers 
to preserved 
locations 
in the fault record. 


• 
Parallel fault Entry 
0 
Trace fault Entry 
8 
t---------~o~p~er~~~lo~n~f~a~u~~~E~n~tr~y--------~16 


t-~~~Ar~~~h~m~e~tlc~Fa~u~lt~E~n~tr~y~~~24 


Reserved 
(Initialize to 0) 
270669-13 


Local Procedure fault Table Entry 
31 
1 0 


t:::::...... 
Address 
..::::10.101 


System Procedure Table fault Table Entry 
31 
1 0 
Index 
1 0 
Set to 0000027f 16 


Figure 3-10. Fault Table 
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31 
o 


Process Controls 


Arflhmotlc 
Control 


fault 
flag. I fault 
Typo 
•............:.'.......::·..1 
fau~ 
Subtyp. 


Addro •• of fQu~lng 
Instruction 
D 
Reserved 
270669-14 


o 


<4 


8 


12 


Figure 3·11. Fault Record 


3.10.2 FAULT 
TABLE 


The fault table (Figure 3-10) provides the processor 
with a pathway to fault handling procedures. The fault 
table is an architecture-defined data structure, which 
may be located anywhere in the processor's address 
space. The location of the fault table is specified at ini- 
tialization. When a fault occurs, an entry in the table is 
selected based on the type of fault that occurs. The 
entry in the fault table contains a pointer to a specific 
fault handler. 


The fault table can contain two types of entries (Figure 
3-10). The first type of entry is simply a pointer to the 
address of the fault-handling procedure. The second 
type of entry is an index into the system-procedure ta- 
ble. Fault-handling 
procedures accessed through the 


system-procedure table may be executed in user or su- 
pervisor execution mode. 


3.10.3 FAULT 
HANDLING 
ACTION 


When a fault occurs, the processor performs an implicit 
call operation to the procedure specified in the fault 
table. In addition to performing the implicit call opera- 
tion, the processor creates a fault record in its newly 
allocated stack frame. This fault record contains infor- 
mation on the state of the processor when the fault 


- occurred and the fault type and subtype (Figure 3-11). 


Some faults can be recovered fro~ easily. When recov- 
ery from a fault is possible, the processor's fault han- 
dling mechanism allows the processor to automatically 
resume work where the fault was signalled. The re- 
sumption action is initiated with the ret instruction. If 
simple recovery from a fault is not possible, then the 
fault handling procedure may call a debug monitor, ini- 
tiate a reset, or take other actions to recover from the 
fault. 


3.10.4 TRACING 
AND DEBUG 


The 80960CA provides a facility for monitoring the ac- 
tivity of the processor by tracing the instruction stream. 
A trace event occurs at points in a program where cer- 
tain types of instructions are encountered or a certain 


IP or data address is encountered. When a trace event 
occurs, a trace fault can be generated and a trace-fault 
handler called which displays or analyzes the state of 
the processor. 


3.10.4.1 Trace Events 


The Trace Control (TC) Register (Figure 3-12) is used 
to specify the types of instructions which cause trace 
events. When a mode bit in the TC register is set, spe- 
cific instructions will generate trace events. For exam- 
ple, if the branch trace mode bit is enabled and a 
branch instruction is executed, a branch trace event will 
be signalled. An event flag is used to record trace 
events. A single event flag is provided for each mode 
bit. Any trace event generates a trace fault when the 
trace enable bit in the process control register is set. 


The 80960CA recognizes 7 trace events. These events 
are described below. 


Instruction Trace Event-Signalled 
each time an in- 
struction is executed. This trace event can be used with 
a debug monitor to single step the processor. 


Branch Trace Event--Signalled each time a branch in- 
struction is executed. For conditional branch instruc- 
tions, this event is only signalled when the branch is 
taken. Branch-and-Iink, call, and return instructions do 
not signal this trace event. 


Call Trace Event--Signalled 
each time a branch-and- 
link or call instruction is executed. Implicit calls, such 
as those used in interrupt or fault handling, signal this 
event. When a call trace event occurs, the prereturn 
trace flag (bit 3 in local register rO)is set by the proces- 
sor to indicate a prereturn trace pending. 


Pre-Return Trace Event-Signalled 
just prior to any ret 
instruction. This event is only signalled if the pre-return 
trace flag in register rOis set. Since the pre-return trace 
flag is set when a call trace event occurs, the call trace 
mode must be enabled before a pre-return trace event 
can be signalled. 


Return Trace Event--Signalled each time a ret instruc- 
tion is executed. 
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Trace Event Flog.: 
•••.••---------------- 
Instruction 
Trace 
•••.••---...,......,...,--...,...--------- 
Branch 
Trace 


•••.••---- 
••.•••------------- 
Call Trace 
•••.••-----..:..------------- 
Return 
Trace 


•.•..•------------------- 
Prereturn 
Trace 
•...•.--------------------- 
Supervisor 
Trace 
•.•..•--------------------- 
Breakpoint 
Trace 
•••.••--....:;.....,,------------------ 
Dota Addres. 
Breakpoint 
0 
L.. 
Dota Address 
Breakpoint 
1 


L.. 
Instruction 
Address 
Breakpoint 
0 


L.. 
Instruction 
Address 
Breakpoint 
1 


Reserved 
(Initialized 
to 0) 


270669-15 


~~ 
L 
Instruction 
Trace 
Iolode 
~ 
Branch 
Trace Iolode 


Call Trace Iolode 
Return 
Trace Iolode 


Prereturn 
Trace Iolode 
•.•..•------ 
Supervisor 
Trace 
Iolode 
•••.••------- 
Breakpoint 
Trace Iolode 


Figure 3·12. Trace Control Register 


Supervisor 
Trace Event-Signalled 
each time a calls 
instruction is executed where the selected entry type is 
supervisor; or when a ret from supervisor mode is exe- 
cuted. 


Breakpoint Trace Events-Signalled 
each time a mark 
instruction, fmark instruction, or specified address is 
encountered in the instruction stream. The mark in- 
struction signals an event when the breakpoint trace 
mode is enabled, the fmark (force mark) instruction 
will generate a breakpoint trace event regardless of the 
value of the breakpoint trace mode bit. 


Two IP breakpoint registers and two internal data ad- 
dress 
breakpoint 
registers 
are 
provided 
on 
the 
8096OCA. These breakpoints are loaded with an in- 
struction 
or data address using the system control 
(sysctl) instruction. When the address is encountered 
and the breakpoint trace mode bit is set, a breakpoint 
trace event occurs. A corresponding instruction or data 
address event flag is set in the TC register when the 
address is encountered. 


3.10.5 PROCESSOR INITIALIZATION 


The Initial Memory Image (IMI) are the data struc- 
tures needed to initialize the 80960CA (Figure 3-13). 
The initialization boot record, in reserved memory be- 
ginning at FFFFFFOOH, contains a pointer to the Proc- 
essor Control Block (PRCB). The PRCB in turn holds 
pointers to the data structures which are necessary to 
execute code on the 8096OCA. The PRCB also holds 
several fields which contain information to initially 
configure the 8096OCA. 


Processor initialization begins by asserting the RESET 
pin. At initialization the processor optionally performs 
an internal self-test. A bus confidence test is also per- 
formed by calculating a checksum of 8 words read from 
external memory. If either of these self-tests fails, the 
FAIL pin indicates the failure and the processor aborts 
initialization. If the self-test passes, the 80960CA con- 
tinues with initialization and branches to the first ad- 
dress of the user's code. 
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Address 


frFTffOOH 


ffffff10H 


ffffff14H 


ffffff18H 


ffffff2CH 


fixed 
Data Structures 


InitializatIon Boot Record: 


Relocatable Data Structures 


User Code: 


~ 
Bus 
"Ii~ 
"Ii~ 
Conftguratlon 
(Least Slgntftcant Byte) 


first 
Instruction 
PoInter 
----- 
Process Control Block (PRCB): 


Byte Offset 


,. 
PRCBPoInter 
fault 
Table Base Address 
OH 
...-- 
Control Table Base Address 
4H 


Ad RegIster Inltlol Image 
8H 


6 Check Words 
(for bus conftdence self-test) 
.0 
fault 
Conftguratlon Word 
CH 


~f--- 
Interrupt 
Table Base Address 
10H 


- 
- 
- 
System Procedure Table 
Base Address 
14H 


- 
......... :.....:::.:.:. 
-:.. 


18H 
- 
Interrupt 
Stack PoInter 
lCH 


Instruction 
Cache 
20H 
Conftguratlon Word 


RegIster Cache 
24H 
Conftguratlon 
Word 
,- 
Control Table 


~~ 
~~ 
- 
Interrupt 
Table 


~~ 
'. 
~~ 
- 
System Procedure Table 


..• ~ 
~~ 
---. 
Other Archltecturally 
Deftned 
Data Structures 
(not required 
as part of IMI) 


Figure 3-13. Initial Memory 
Image 


4-24 


270669-19 


intJ 
80960CA 
PRODUCT OVERVIEW 


4.0 80960CA 
SYSTEM 
IMPLEMENTATION 


This section is an overview of the peripherals integrated 
with the 80960CA core. The features and operation of 
the Bus Controller, DMA Controller, Interrupt Con- 
troller, and the interfaces between these peripherals and 
the core are described. 


4.1 Peripheral Interface 


A program communicates with the on-chip peripherals 
by reading or modifying the special function registers 
(SFRs) or by loading control registers. The SFRs gen- 
erally serve to transfer status information and data be- 
tween a peripheral and the core, and the control regis- 
ters serve to configure the peripherals. SFRs are ac- 
cessed directly as instruction 
operands. The control 
registers are loaded by using the system control (sysctl) 
instruction. 


4.2 
Bus Controller 
Unit 


The Bus Controller Unit (BCU) manages the data and 
instruction path between the 80960CA and external 
memory. Data operations and instruction fetches share 
a 32-bit data bus. Memory addresses are output on a 
separate 32-bit address bus. The BCU incorporates sev- 
eral advanced features to simplify the bus interface to 
external memory. A programmable memory region con- 
figuration table allows the characteristics of the exter- 
nal bus to be programmed differently for 16 separate 
regions in memory. The attributes of the external bus 
which are programmable include wait states and exter- 
nal ready control, data bus width (8, 16, or 32 bits), 
burst mode, address pipelining, and byte ordering. The 
region programmable bus options are described in this 
section. 


4.2.1 BUS TRANSFERS, 
ACCESSES, 
AND 
REQUESTS 


The distinction between transfer, bus access, and bus 
request, as these terms apply to the 8096OCA, must be 
presented before beginning a discussion of the BCU. 


Transfer-A 
bus transfer is defined simply as a move- 
ment of code or data between a memory system and the 
8096OCA. A write transfer occurs when the memory 
system is the destination of a data movement. A read 
transfer occurs when the 80960CA is the destination 
for a data or a code fetch from memory. 


Bus Access-A 
bus accessis defmed as an address cycle 
and one or more transfers. In burst mode, an access can 
consist of a single address cycle and 1 to 4 transfers. 


Bus Request-A 
bus request is issued by the core and 
directed to the Bus Controller. A bus request is sent to 
the BCU when a load, store, or an atomic instruction is 
executed, or when an instruction fetch is needed. Bus 
requests are also issued by the core to perform DMA 
transfers. A bus request can consist of one or more bus 
accesses. For example, an aligned word (32-bit) request 
to an 8-bit memory region will result in four byte- 
length accesses. 


4.2.2 BUS CONTROL 
COPROCESSOR 


The 8096OCA's peripherals are often referred to as eo- 
processors, since their operation is decoupled from the 
execution of the instruction stream. As an integrated 
coprocessor, the BCU receives bus requests and inde- 
pendently carries out the action of moving data or code 
between the processor and external memory. The BCU 
uses a three deep queue to store pending bus requests. 
The queue decouples the core from the BCU, since a 
series of adjacent requests may be issued faster than the 
BCU can service each request. Two of the three queue 
entries store requests from a user's program (loads, 
stores, fetches, etc.). The third queue entry is used by 
requests 
originating 
from a DMA 
operation. 
This 


queue entry takes user requests when the DMA is 
turned off. The 80960CA alternates service of requests 
issued by the user program and requests issued by a 
DMA operation. 


4.2.3 SIGNAL 
DESCRIPTIONS 


The external bus signals consist of 30 address signals, 4 
byte enables, 32 data lines, and various control signals. 
D31-DO 
32-bit Data Bus (bi-directional)-32-, 
16-, 


and 8-bit values are transmitted 
and re- 


ceived on these lines. The 8- and 16-bit 
quantities are transferred on the low order 
data lines when a memory region is config- 
ured respectively for an 8- or 16-bit bus. 
A31-A2 
30-bit Address (outputs)-The 
30-bit ad- 


dress bus identifies all external addresses to 
word (4-byte) boundaries. The byte enable 
lines indicate the selected byte in each 
word. 


BE3-BEO 
Byte Enables (outputs)-The 
byte enables 
select which of 4 addressed bytes are active 
in a memory access. When a memory re- 
~ 
is co~red 
for an 8-bit bus width, 
BEl and BED act as the lower two bits of 
~address. 
Fo~ 
16-bit memory region, 


BEl, BE3, and BEDare encoded to provide 
AI, BHE, and BLE respectively. 


w/R 
Write or Read (output)-This 
signal is low 
for read accesses and high for write access- 
es. 


ADS 
Address Strobe (output)-Indicates 
valid 
address and the start of a new bus access. 
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DIC 


Data Transmit or Receive (output}-- 
Direction control for data transceivers; 
similar to W/R:. 
Data Enable (output}--Low 
during a 
bus request after the first address cy- 
cle. This signal is used to control data 
transceivers and to indicate the end of 
a bus request. 
Wait 
(output}--Indicates 
that 
wait 
states are being inserted by the internal 
wait state generator. 
Ready (input)-Signals 
that 
data is 
valid for a read transfer or ends data 
hold for a write transfer. This function 
can be disabled for a memory region. 
Burst Terminate (input}-- Terminates 
a burst access. Another address is gen- 
erated to complete the request when 
the signal is deasserted. This function 
can be disabled for a memory region. 
Data or Code (output}--Indicates 
a 
data transfer or a code fetch. 
DMA Access (output}--Indicates 
that 
a bus request was initiated by either 
the user program or the DMA. 
Supervisor Access (output}--Indicates 
that a bus access originated from a bus 
request 
issued in supervisor 
mode. 


This signal can be used to protect sys- 
tem 
data 
structures, 
or peripherals 
from errant modification by the 'user 
code. 


Lock 
(output}--Indicates 
that 
an 
atomic memory operation is in prog- 
ress. This signal can be used to inhibit 
external agents from modifying memo- 
ry which is atomically accessed. 
Burst Last (output}--Indicates 
the last 
transfer in a burst access. 
Hold (input}--HOLD 
can be used by 
a bus requester to request access to the 
bus. The processor asserts HLDA af- 
ter the current bus request or locked 
requests have completed. 
Hold 
Acknowledge 
(output}--Indi- 
cates to a bus requester that the proc- 
essor has relinquished control of the 
bus. 
Bus Request (output}--Indicates 
that 
requests are queued in the bus control- 
ler and are waiting to be serviced. 
BREQ can be used for external bus ar- 
bitration 
logic in conjunction 
with 
HOLD and HLDA to regain bus mas- 
tership. 


HOLD 


HOLDA 


BREQ 


Figure 4-1 shows the timing for a simple, non-burst, 
non-pipelined read and write access. The timing rela- 
tions for the key control signals are shown in this fig- 
ure. 


PCLK [ 


ADS [ 


A31:.,SUE [---""'I'---"-_~__ !.-_":'-_":""_-"-'II'I_ 
OMA. O/C 
v••• 
BE3:0 


W/R 
[ ~ 
r= 


~ 


I'---~ 
r 


~\ 
- 
' 1 


I 
V.1d 
I 


1\ 
I1 


-- --- ---- 
---- 
---- --- ~ -- ---_ 
.•. 


270669-20 


BLAST [ 


OT/R [ 


iiEN[ 


A3:2 [ 


031:0 
[ 


Figure 4-1. Basic Read and Write Request 
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4.2.4 MEMORY 
REGION 
CONFIGURATION 
TABLE 


The BCU can be configured differently for 16 separate 
sections (referred to as regions) of the address space. 
The four most significant bits of a memory address de- 
fine the location of each region in memory. The bus 
characteristics in a region are specified in the memory 
region configuration 
table. When a bus request is serv- 


iced, the BCU accesses the configuration table entry for 
the region addressed and services the request based on 
the bus characteristics 
programmed 
for that region. 


The characteristics 
programmed for each region are 
listed below: 
-' 
Burst Mode (on/oft) 


- 
Wait States 
(5 parameters) 
Bus Width 
(8-, 16-, or 32-bit) 


Ready Inputs (on/oil) 
Address Pipelining 
(on/oil) 
Byte Ordering 
(Big/Little Endian) 


The flexibility of region programming simplifies the bus 
interface in applications where a memory system is 
made up of a variety of sub-systems, such as SRAM, 
DRAM, ROM, and memory mapped peripherals. Each 
memory sub-system can be mapped into a different re- 
gion in memory, and that region can be configured spe- 
cifically for the requirements of the particular memory 
sub-system. 


The configuration table is made up of 16 on-chip con- 
trol registers (Figure 4-2). Each register is programmed 
with the configuration information for a single region. 
Since the region table is located on-chip, access to re- 
gion information does not affect the performance of the 
bus. 


4.2.4.1 
Burst Accesses 


The 80960CA BCU is capable of burst accesses to 
memory systems which are designed to support this fea- 
ture. Burst mode is i tended to get the most perform- 
ance from low cost memory systems. A burst access is a 
single address cycle followed by successive data or in- 
struction transfers. The transfers reference data or 
111- 
structions at sequential addresses starting at the address 
which began the burst access (Figure 4-3). In a burst 
memory system, the upper 28 bits of an address remain 
fixed while the lower two bits A2 and A3 increment 10 
access subsequent locations. 


Wait state timing for the first access of a burst request 
is controlled independently from the timing for subse- 
quent accesses. A memory sub-system using static col- 
umn mode or page mode DRAMs, for example, can 
take advantage of the short column access times for 
these devices by using burst mode. Interleaved ROM or 
EPROM systems can also be constructed which simul- 
taneously access several words and then use burst mode 
to multiplex the multi-word array onto the data bus. 


MEMORY REGION 


CONFIGURATION 
TABLE 
Region r---------, 


o t--------I 


1 t--------I 
2 t--------I 
3 t----~---I 
4 t----~---I 
5 


6 t--------I 
7 t--------I 
8 


9 


10 •••••-------4 
11 
12 
13 
14 


15 


.1 III III fIlii 
I I 
I 
I I 
I I 
I I 
I I 
I 
I I 
I 
I I 
I 
I I 


EJ 
Reserved 
'- 
.. ;.. "_ , 
(Initialize To 0) 
'-- 


- 
-; 


31 


REGION TABLE ENTRY 


21201918171615141312111098765432 
1 0 


BURST ENABLE 


READY ENABLE 


PIPELINE 
ENABLE 


NRAO 


NROO 
NXOA 
NWAO 


NWOO 
BUS WIDTH 


BYTE ORDER 
270669-22 


igure 4·2. Memory 
Region Configuration 
Table 
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Read Request: 


Clock 
• • • 
• • 
• • • 


270669-21 


• 
• • • • 
• 


Address 
m 
x 
x 
x 
'tttI:tI,XXYJ. 


Dota 
-------------0-----0-----0-----0--------------- 


Data Transfer 
c:J 
c::J 
c::J 
c:::J 


Bus Access 
,. ::::::::::::::::.-::::::::::::-:.-:::.--.'::::::::::::::::,':::::."::."::::::'::::.-::::.-' 
.-.... - .. ::::'::::. -:::, 


Figure 4-3. Burst Memory 
Request 


Read Request: 


Wait State 
Count.r 


1 NROO = 2 
1 NROO = 2 
1 NROO = 21 
NXOA = 3 
1 


o 
2 
10 
0 
2 
1 
0 
2 
0 
3 
2 
0 
3 
2 
032 


Clack 


Addres. 
~ 
I 
I 
I 
'fI$I#Il;IJ 


Data 
-------------0-----0----0-----0--------------- 


Data Tran.f.r 
CJ 
c:::J 
r::::l 
c::::J 


Bus Access 
,:.:- 


Write Request: 


Wait State 
Count.r 


1 NWOO=21 
NWOO=21 
NWOO=21 
NXOA=3 


o 
2 
1 
0 
2 
102 
032 
032 


Clock 


Addres. 
~------yI---'\jIr---'\jIr---"\XXXXXXXXXX~II"lI"lI~II"lI"lI"--- 


Data 
~r----V'"I 
----,lr----vI--~ 


Doto Transfer 
[1.-·::' .::::::::::. 
:"'['-:::':' 
:. : ...:::-.:.-:;:]:.10:-::" 
::::· 
..:····:·:.:·:I'::-:·:··==::J·) 
I 
-::':'.-.---.:':', 


Bus Acce" 
I.. 
.-,:'';, 


Figure 4-4. Programmable 
Wait States 
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4.2.4.2 
Programmable 
Wait State Generation 


The 80960CA may be interfaced with a variety of mem- 
ory sub-systems and peripherals with a minimum sys- 
tem cost and complexity. To achieve this interface flexi- 
bility, the 80960CA implements an internal program- 
mable wait state generator. Internally generated wait 
states eliminate the potential system delays which come 
from generating wait states with external logic. 


Wait states are programmed for each region in the 
memory region configuration table. The number of wait 
states is programmable over a range which allows effi- 
cient control of memory devices ranging from ultra-fast 
SRAMs to slow peripherals. An external ready signal is 
also provided for external wait state control. 


The 
wait 
states 
which 
can 
be generated 
by the 
80960CA are shown in Figure 4-4. In this table N is the 
number of wait states inserted. The wait states for read 
accesses and for write accesses are described by three 
parameters each. For read accesses, NRAD is the num- 
ber of states between the address cycle and the first 
data cycle and NRDD is the number of states between 
consecutive data cycles in a burst access. For writes, 
Nw AD is the number of states that data is held after an 
address cycle, and NWDD is the number of states that 
data is held for consecutive data cycles in a burst write. 
For both reads and writes, NXDA is the number of 
dead cycles after the last data cycle and before the next 
address. 


4.2.4.3 
READY 
Control 


The memory 
region configuration 
table allows the 
ready input (READY) to be enabled or disabled for 
each region. If the ready input is disabled, the external 
input has no effect on the wait states generated for a 
memory access; all wait states are generated internally. 
If the ready input is enabled, it works in conjunction 
with the programmable wait state generator. In this 


case, the ready input has no effect until the number of 
programmed wait states has expired. When the wait 
state counter reaches 0, the ready input is sampled, and 
wait states continue or are terminated based on the val- 
ue of the ready input. In order to gain complete exter- 
nal control over wait states, all wait state parameters 
for a region can be set to O. 


4.2.4.4 
Plpelined 
Reads 


The 80960CA BCU provides an address pipelining 
mode (Figure 4-5) to optimize the performance of in- 
struction 
and data 
fetches from external 
memory. 


When the pipelined read mode is enabled, an address 
cycle overlaps with the last data cycle in each access, 
effectively reducing the total time needed for each ac- 
cess. Pipelining mode is selected in each region by pro- 
gramming the memory region configuration table. 


4.2.4.5 
Byte Ordering 


One of two configurations for byte ordering, often re- 
ferred to as little endian or big endian, is selected for 
each region by programming the memory region con- 
figuration table. The byte ordering options make the 
80960CA capable of sharing memory with a processor 
• 
which uses either byte ordering scheme. Byte ordering 
~ 
refers to the way that the 80960CA relates internal data 
to the way that data is stored or fetched from memory. 
The little endian configuration orders the bytes in a 
short-word or word so that the least significant byte of 
the quantity is positioned at the lowest address and the 
most significant byte at the highest address in memory. 
Conversely, for the big endian configuration, the least 
significant byte is positioned at the highest address, and 
the most significant byte at the lowest address. For ex- 
ample, for little endian ordering, byte 0 for word data 
would be found in memory at an address of the form 
XXXX XXXOH and, for big endian, at address XXXX 
XXX3H. 


Woit Stote 
Counter 
o 


Clock 
• 
• 
• 


o 
o 
o 
• 
• 
• 
• 
• 
• 


Addre •• 
mx 
X 
X 
X 
XXXXXXXXXX 


--------------<::::}-----<::::}----<::::}-----<::::}--- 
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4.2.4.6 Data Alignment 


The 80960CA can service any aligned or non-aligned 
bus request. Aligned requests are directed to their natu- 
ral boundary in memory. In other words, the addresses 
for aligned requests are even multiples of the length of 
the data transferred. Non-aligned requests are not serv- 
iced directly by the BCU but are assisted by microcode. 
Microcode automatically breaks non-aligned requests 
into multiple aligned requests which are then reissued 
to the BCU. Depending on the degree of non-alignment 
and the length of the original request, the resulting re- 
quests by microcode will consist of a combination of 
byte, short-word, and double-word requests. The BCU 
is able to generate an operation-unaligned fault when a 
non-aligned bus request is first received. This fault can 
be selectively masked at initialization. 


4.3 
DMA Controller 


The DMA controller is a high-performance, full-func- 
tioned integrated peripheral. The DMA controller can 
manage 4 channels of DMA transfer concurrent with 
program execution. Separate external control for each 
channel is provided. Each channel supports high-per- 
formance 
memory 
to memory 
transfers 
where the 
source and destination can be any combination of inter- 
nal data RAM or external memory. The DMA Con- 
troller supports various types of transfers such as high- 
speed fly-by transfers and data chaining with the use of 
linked descriptor lists in memory. 


The 8096OCA's DMA controller is implemented using 
dedicated hardware and microcode. Because of the effi- 
ciency of the core, it is possible for the microcode to 
execute DMA transfers at high speeds. DMA transfers 
are performed by the core concurrently with execution 
of the user's program. Internal DMA logic is used for 
sampling requests, synchronizing transfers with exter- 
nal devices, and handling the service of multiple active 
channels. 


4.3.1 SIGNAL 
DESCRIPTIONS 


Twelve pins are dedicated to the DMA controller. 
Three pins are associated with each DMA channel. 
These pins are described below. In this description, the 
pin number corresponds to the channel number. For 
example, 
the 
DREQO pin is the 
request 
pin for 
channelO. 


DMA Request (input)- This input in- 
dicates that an external device is re- 
questing a DMA 
transfer. 
A DMA 


transfer refers to the complete transfer 
of one byte, short-word, word, or quad- 
word, depending on the transfer data 
width selected for the channel. 


DMA 
Acknowledge 
(output)-This 
output 
becomes active when the re- 
questing device is accessed. 


EOP3/TC3- 
End of Process (input) 
or Terminal 
EOPO/TCO Count (output)-This 
pin functions ei- 
ther as an input (EOPx) or as an output 
(TCx). When programmed as an out- 
put, the pin is driven active for one 
clock after byte count reaches zero and 
a DMA terminates. When programmed 
as an input, 
an external 
device can 
cause the DMA operation to terminate. 


4.3.2 DMA TRANSFERS 


The 80960CA DMA controller supports a variety of 
transfer modes and variations of these modes, allowing 
the DMA to adapt to a number of hardware systems 
and the performance requirements of these systems. 


4.3.2.1 Standard 
Block and Demand 
Mode 
Transfers 


A standard DMA transfer is made up of multiple bus 
requests. Loads from a source address are followed by 
stores to a destination address. The DMA controller 
issues the proper combination of these bus requests to 
execute the DMA transfer. 
For example, a typical 
DMA transfer between memory and an 8-bit peripheral 
could appear as a single byte load request directed to 
the source memory, followed by a single byte store re- 
quest directed to the 8-bit peripheral. 


The DMA controller has two basic transfer modes: 
block mode (unsynchronized) and demand mode (syn- 
chronized). Any DMA transfer will be serviced by one 
of these basic transfer modes. 


A block mode DMA is initiated by software. Block 
mode DMAs are generally between memory. Block 
mode DMA transfers are not synchronized with any 
type of request from an external device. Once the DMA 
begins, it will continue until the entire block is com- 
plete or until it is suspended. The source and destina- 
tion addresses for block mode transfers can be incre- 
mented or held constant for a DMA. 


A demand mode DMA is controlled by an external 
device. Demand mode DMAs are generally between an 
external device and memory. In demand mode, each 
individual DMA transfer can be synchronized with a 
request. The request is signalled when an external de- 
vice activates a DMA channel request pin (DREQ3- 
DREQO) The DMA controller acknowledges this re- 
quest with the DMA 
acknowledge pin (DACK3- 


DACKO) when the requesting device is accessed. A de- 
mand mode transfer may be synchronized with either 
the source or the destination device. 
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4.3.2.2 
Fly-by Transfers 


A fly-by transfer mode is provided for the most per- 
formance-critical DMA applications. Fly-by mode also 
makes very efficient use of the external bus during a 
DMA. Standard DMA transfers involve multiple bus 
requests: load requests directed to the source and a 
store request directed to the destination. Fly-by trans- 
fers only require a single bus request. For a fly-by trans- 
fer, memory sees a load or a store on the bus while the 
requesting device is selected by the DMA acknowledge 
pin. The data is never actually read from or written to 
the 8096OCA. For memory to device transfers, the 
processor issues a load, and, while reading the memory, 
accesses the external device with the DMA acknowl- 
edge pin. The data is then written directly to the desti- 
nation device with a single bus request. For a device to 
memory transfer, the reverse operation is performed. 
The DMA issues a store, and, while writing the memo- 
ry, accesses the source device with the DMA acknowl- 
edge pin. In this case, the processor floats the data bus 
and the device's data is written directly into memory. 


4.3.2.3 
Data Chaining 


Each DMA channel can be programmed in a data 
chaining mode. In this mode, all transfer information is 
taken from a linked-list descriptor in memory (Figure 
4-6). Data chaining is started by specifying a pointer to 
a descriptor in memory. The transfer continues until 


the number of bytes in the byte count field in the de- 
scriptor is transferred. At this time, another linked-list 
descriptor 
may be executed. The next descriptor 
is 
specified by the next-pointer field in the current de- 
scription. Data chaining continues until a null pointer 
is encountered in the next-pointer field. Data chaining 
can be designated as source chaining, destination chain- 
ing, or both. 


In data chaining mode, an option exists which allows 
chaining descriptors to be updated while the DMA is 
running. When this option is enabled, the DMA sets a 
bit in the DMA's special function register after loading 
a descriptor and then checks this bit before loading the 
next descriptor. If the bit has been cleared by the user, 
the DMA continues; otherwise, the DMA waits for the 
next descriptor to be set up and for the user to clear the 
bit. An interrupt can be generated when each buffer is 
complete or when the DMA is terminated with a null 
pointer or the EOP pin. 


4.3.3 TRANSFER 
CHARACTERISTICS 


The DMA controller provides the programmer with a 
number of options for configuring the characteristics of 
a DMA transfer. Intelligent selection of transfer char- 
acteristics works to balance DMA performance and 
functionality with performance of the user program 
when the DMA is in progress. 


Internal 
Register 


Terminate 
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BC= Byte Count 
SA= Source Address 
DA= Destination 
Address 
NPTR= Next Pointer 


Not Used for 
Source Chaining 


Source Buffers 


Figure 4-6. Source 
Data Chaining 
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The DMA 
controller 
provides features to optimize 


transfers by moving a maximum amount of data for 
each bus request issued. This is controlled by specifying 
the width of the source and destination directed bus 
requests for a DMA transfer, and by on-chip assembly 
or disassembly of the transfer when source and destina- 
tion are not of equal widths. 


Data 
alignment 
is performed 
automatically 
by the 
DMA controller when the source and destination of a 
transfer are not aligned. The alignment algorithm is 
optimized for many transfers, providing a performance 
comparable to the aligned transfer cases. 


4.3.3.1 Transfer 
Data Length 


The transfer data length specifies the length of bus re- 
quests directed to the source and destination in a stan- 
dard DMA transfer. Byte, short, word, or quad-word 
loads and stores are selected for either source or desti- 
nation when a DMA channel is set up. Assembly and 
disassembly of data is automatically performed when 
the source and destination widths are different. This 
feature provides the most efficient use of the bus when 
DMA transfers occur between a source and a destina- 
tion with different external bus widths. 


The DMA controller provides the option of using quad 
word transfers to enhance DMA performance. When 
quad transfers are specified, the DMA will request a 
four-word load request and four-word store request for 
each DMA transfer. The trade-off for the added DMA 
performance is latency on the external bus, preventing 
requests by the core, or by another DMA channel from 
being immediately serviced. 


4.3.3.2 Data Alignment 


The DMA controller supports transfer of source and 
destination data aligned to different byte boundaries in 
memory. The DMA implements microcode algorithms 
to transfer some non-aligned data with a performance 
level approaching that for aligned transfers. The DMA 
accomplishes this by attempting to issue the maximum 
number of aligned bus requests during a DMA (Figure 
4-7). As shown, most of the overhead due to non- 
aligned DMAs is incurred at the beginning and end of 
the DMA. DMAs with low byte counts, therefore, do 
not benefit as much from the data alignment features of 
the DMA. The alignment feature is optimized for 8-bit 
to 8-bit, 32-bit to 32-bit and for 8-bit and 32-bit combi- 
nations of source and destination lengths. 
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Figure 4·7. DMA Data Alignment 
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4.3.3.3 Channel 
Priority 


The DMA controller arbitrates the priority of the 4 
DMA channels. If multiple DMA channels are en- 
abled, the DMA controller will determine in which or- 
der each channel is serviced. 


The DMA controller can be configured in one of two 
priority modes, fixed mode or rotating mode. The fixed 
mode assumes a fixed priority for each channel with 
channel 0 having the-highest priority, followed.by chan- 
nels 1,2, and.J, with channel 3 having the lowest prior- 
ity. The rotating mode updates a channel's priority to 
the lowest priority after that channel's DMA is made. 
This insures that a single channel is never locked out by 
other active channels. The priority sequence is always 
in the same order, with priority rotating from the low 
channel numbers to the high channel numbers. 


4.3.3.4 Performance 
and Latency 
Considerations 


DMA operations and the user program share the re- 
sources of the core and of the external bus. DMA per- 
formance and the performance of the user program are 
coupled directly to the balance of load sharing between 
these two processes. The core resources necessary to 
perform a DMA transfer vary depending on the way a 
channel has been configured. For example, byte assem- 
bly and disassembly requires more processor overhead 
per byte of transfer than does a transfer in which the 
source and destination transfer lengths are equal. The 
performance of a DMA is also tightly coupled to the 
user program's use of the external bus. If the user pro- 
gram does not make frequent bus requests, the requests 
by the DMA controller will be serviced with little or no 
delay. 


The user can enhance performance of the DMA with 
trade-off's in system complexity and flexibility. Aligned 
transfers eliminate the microcode overhead needed to 
perform the internal alignments. DMAs between re- 
gions of equal transfer widths eliminate overhead for 


assembly and disassembly. Source or destination mem- 
ory configured as burst memory will provide the most 
efficient use of the DMA controller when the quad- 
transfer feature is enabled. Using the fly-by mode re- 
duces the number of bus requests needed for a DMA 
since fly-by mode uses only a single load or a single 
store request for each transfer. 


4.3.4 DMA CONTROL 
AND CONFIGURATION 


The DMA Controller uses an SFR register, the DMA 
command 
(DMAC) 
register, 
and 
the setup 
DMA 
(sdma) instruction for configuration and control of a 
DMA. The sdma instruction is used to configure each 
DMA channel. Transfer widths, byte count, source and 
destination addresses for a DMA are specified in this 
instruction. 


The DMAC register (Figure 4-8) is described below. 


The channel enable field 
enables a DMA once the 
channel is set up. Clearing these bits will also cause a 
DMA transfer to be suspended. 


The terminal count field signals that byte count has 
reached zero and a DMA has ended. 


The channel activefield indicates that a channel is idle 
or active. If set, this bit indicates that the channel is 
active. This implies that the channel is servicing a 
transfer or has a request pending. The active bits are 
status information only. 


The channel donefield indicates that a DMA operation 
is complete. The done bits are status information only. 


The channel waitfield 
IS used for handshaking with a 
user program in data chaining mode. The DMA sets 
these bits when a new linked-list descriptor is read. The 
DMA will not read the next descriptor until this bit is 
cleared by the user. The user can set up the next de- 
scriptor and then clear the channel wait bits to dynami- 
cally change descriptors. 
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Figure 4-8. DMA Command 
Register 
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A priority mode bit selects rotating or fixed priority 
mode. 


The throttle bit selects the maximum amount of core 
resources that the DMA microcode will receive in rela- 
tion to the execution of the user program. 


4.3.5 DMA INTERRUPTS 


The DMA controller is the source of 4 hardware inter- 
rupts in the 8096OCA. The DMA Controller can be 
programmed to request an interrupt when a DMA is 
complete, or when a buffer transfer is completed in 
chaining mode. Each channel requests a different inter- 
rupt. 


4.4 
Interrupt Controller 


The 80960CA Interrupt Controller manages interrupts 
which are requested by external agents or by the DMA 
Controller. The interrupt controller manages 4 internal 
DMA interrupt sources, a single NMI (Non-Maskable 
Interrupt) pin, and 8 external interrupt pins. Up to 248 
external interrupt sources can be supported by the in- 
terrupt controller. The interrupt controller handles the 
prioritization 
of software interrupts, 
hardware inter- 
rupts, and the process priority, and signals the core 
when interrupts are to be serviced. The interrupt con- 
troller provides the low-latency interrupt service fea- 
tured on the 8096OCA. 


4.4.1 EXTERNAL 
INTERRUPTS 


The 80960CA provides 8 interrupt pins and one NMI 
pin for detecting external requests. The interrupt con- 


troller allows the 8 interrupt pins to be configured as 
dedicated inputs capable of requesting 8 interrupts, or 
as a vectored input capable of requesting up to 248 
interrupts. The NMI pin is always a dedicated input. 
The interrupt controller pins are described below. 
XINT7- 
External 
Interrupts 
(inputs)-These 
pins 
XINTO 
can be used as dedicated inputs, or acting 
together as an 8-bit number, request any in- 
terrupt. The inputs are edge or level detect- 
ed, and are optionally debounced internally. 


NMI 
Non-Maskable Interrupt (input)-NMI 
re- 
quests the highest priority interrupt. NMI 
is always taken and is not maskable (as the 
name implies), and not interruptable. 


4.4.2 INTERRUPT 
MODES 


The 8 external interrupt pins can be configured in one 
of three modes: dedicated mode, expanded mode, or 
mixed mode (Figure 4-9). 


4.4.2.1 
Dedicated 
Mode Interrupts 


In dedicated mode, each of the 8 interrupt pins acts as a 
dedicated input. When an external event is detected on 
an interrupt pin, a unique interrupt is requested for that 
pin. It is possible to map each dedicated pin to one of a 
number of possible interrupt vectors. This is accom- 
plished by programming the interrupt 
map (IMAP) 


control registers with an interrupt vector number for 
each pin. (Recall that interrupt 
vector numbers are 
8-bit values which reference the 248 vectors in the in- 
terrupt table.) 
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Figure 4·9. Interrupt 
Modes 
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Only the upper four bits of the vector number can be 
programmed for a dedicated mode interrupt. The lower 
four bits are fixed at the value 001Ot..With four pro- 
grammable bits, one of 15 interrupt vectors is available 
for each dedicated pin. These interrupt vectors span the 
even priority levels from priority 2 to 30. The vector at 
priority 0 is not defmed. 


The 15 interrupt vectors available to dedicated sources 
can be cached in internal data RAM. If this interrupt 
vector caching feature is selected, the processor will au- 
tomatically fetch the vector from data RAM, eliminat- 
ing the latency caused by a bus request for a vector in 
external memory. 


The DMA Controller can request four interrupts to sig- 
nal the end of a DMA for each of four channels. The 
four interrupt signals from the DMA are handled by 
the interrupt controller in the same way as an interrupt 
pin configured as a dedicated input. Each of the four 
DMA sources may request one of 15 interrupts by pro- 
gramming the IMAP for that source. 


4.4.2.2 Expanded 
Mode Interrupts 


In expanded mode, external hardware considers the in- 
terrupt pins (XINTO-XINTI) 
as an 8-bit binary num- 
ber. This number is used directly as the interrupt vector 
number. Each of the 248 possible interrupt vectors can 
be referenced in this way, allowing a separate external 
source for each vector. External hardware is responsi- 
ble for recognizing individual hardware sources and 
then driving the interrupt vector number corresponding 
to that source onto the interrupt pins. 


4.4.2.3 Mixed 
Mode Interrupts 


In mixed mode, the 8 interrupt pins are divided into 
two functional sets. One set functions in dedicated 


mode, the other in expanded mode. In mixed mode, 
three 
pins are 
dedicated 
interrupt 
pins 
(XINT7- 
XINT5). A programmable vector number is associated 
with each of these pins. The remaining five interrupt 
pins (XINT4-XINTO) 
are treated as the most signifi- 
cant five bits of the expanded mode vector number. The 
lower order bits are internally forced to 0102 to form 
the full 8-bit value for the vector number. 


4.4.3 INTERRUPT 
CONTROLLER 
SETUP 


The interrupt controller uses two special function regis- 
ters to manage interrupt requests by hardware sources. 
The hardware interrupt pending register (IPND) and 
the hardware interrupt mask register (IMSK) are ad- 
dressed as sft) and sf! respectively. A single bit in each 
register corresponds to each of the 8 possible external 
sources and 4 DMA sources for hardware interrupts. 
The IMSK register performs the function of masking 
hardware interrupts and the IPND register implements 
posting of interrupts 
requested by hardware. 
When 
configured for expanded or mixed mode interrupts, bit 
o of the IMSK register globally masks the expanded 
mode interrupts. 


4.4.4. NON-MASKABLE 
INTERRUPT 


In addition to the maskable hardware interrupts, a sin- 
gle Non-Maskable Interrupt (NMI) is provided. A dedi- 
cated NMI pin is used to request this interrupt. NMI is 
defined as a higher priority than any hardware inter- 
rupt, software interrupt, or process priority. The NMI 
procedure, 
therefore, can never be interrupted 
and 
must execute the return instruction before other proce- 
dures can execute. The NMI 
procedure 
is entered 
through vector 248. This vector is cached in internal 
data RAM at initialization to reduce latency for the 
NMI. 
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APPENDIX 
A 
80960CA CORE IMPLEMENTATION 


The 80960CA Core is a high-performance implementa- 
tion of the 80960 Core Architecture. This section brief- 
ly describes the microarchitecture of the 80960CA core 
and the key constructs used to achieve parallel instruc- 
tion execution. 


The 80960CA core can be divided into the 6 main sub- 
units listed below. 


Instruction Sequencer 


Register File 
Execution Unit 
Multiply and Divide Unit 
Address Generation Unit 
Static Data RAM and Local Register Cache 


Figure A-I is a simple block diagram of the 8096OCA. 
The nucleus of the processor is the Instruction 
Se- 
quencer and Register File. The other subunits of the 
core, referred to as coprocessors, radiate from these 
units, connecting to either the register (REG) side or 
the memory (MEM) side of the processor. The Instruc- 
tion Sequencer issues directives, via the REG 
and 
MEM interfaces, which target a specific coprocessor. 
That coprocessor then executes an express function vir- 
tually decoupled from the IS and the other coproces- 


sors. The REG and MEM data busses shown in Figure 
A-I are used to transfer data between the common 
Register File and the coprocessors. 


A.1 
Instruction 
Sequencer 


The Instruction 
Sequencer 
(IS) decodes the instruction 


stream and drives the decoded instruction stream onto 
the coprocessor interfaces. In a single clock, the IS de- 
codes up to 4 instruction and issues up to three of these 
instructions to the on-chip coprocessors or to the IS 
itself. One register (REG) format, one memory (MEM) 
format, and one control or control and branch (CTRL 
or COBR) format instruction can be issued at one time. 
These instructions are directed respectively to the REG 
coprocessors, the MEM coprocessors, or to the IS. The 
ability to issue multiple instructions in parallel can re- 
sult in the simultaneous execution of many instructions 
at once. An optimizing compiler or hand optimization 
of assembly code can easily produce an instruction 
stream which takes full advantage of the parallel execu- 
tion of the core. 


A technique known as resource scoreboarding 
is used to 
manage the parallel execution of instructions and the 
common resources of the processor. A,coprocessor, for 
example, can scoreboard itself, indicating that it cannot 
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Figure A·1. 80960CA 
Block Diagram 
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act on another instruction until an instruction currently 
executing on that coprocessor is completed. A specific 
form of resource scoreboarding is referred to as register 
scoreboarding. When the computation stage of an in- 
struction takes more than one clock, the destination 
register or registers for the result are scoreboarded as 
busy. A subsequent operation needing that particular 
register will be delayed until the multi-clock operation 
is completed. Instructions which do not use the score- 
boarded registers can be executed in parallel. 


The IS manages a three stage parallel instruction pipe- 
line (Figure A-2). In the first stage of the pipeline (Pipe 
D), the address of the next instruction is calculated. 
This address may be the next sequential instruction, the 
target of a branch, or a location in microcode. In the 
second stage of the pipeline (pipe 1), the instructions 
are issued to the rest of the machine. In the third stage 
(pipe 2), the instruction computation is started, and for 
single cycle instructions, a result is returned. 


Several microarchitectural 
features of the core are de- 


signed to minimize performance loss due to pipeline 
breaks. 


Branch Prediction-To 
minimize pipeline breaks due to 
branching, the user can specify the direction that a con- 
ditional branch instruction 
will usually follow. 'the 
processor will execute along the specified instruction 
path with no pipeline break. If the branch direction 
specified was the direction actually selected by execu- 
tion of the conditional branch, no pipeline break oc- 
curs. The direction of the branch guess is determined 
by a bit value in the CfRL format instructions. 


Register Bypassing-Register 
bypassing is a feature 
which forwards the result of an instruction for immedi- 
ate use as the source of another instruction. This for- 
warding occurs at the same time that the value is writ- 


ten to its destination register. Bypassing the register file 
saves the one clock cycle break which would otherwise 
occur while waiting for the value to be written to the 
register file and the register scoreboard to be cleared. 


On-chip Cache- The on-chip instruction cache and lo- 
cal register cache eliminate many pipeline breaks which 
will occur if the IS is forced to wait for code or data to 
be moved between the 80960CA and external memory. 


Register File Access-The 
Register File allows multiple 


instructions to gain access to the register set simulta- 
neously. This eliminates pipeline breaks which would 
be caused by a loss of access to the register set by any 
coprocessor. 


A.1.1 INSTRUCTION 
CACHE 


The IS includes a 1 Kbyte two-way set associative in- 
struction cache capable of delivering up to four instruc- 
tions each clock to the Instruction 
Sequencer. The 
cache allows inner loops of code to execute with no 
external instruction fetches. 


A.1.2 MICROCODE 
ROM 


The 8D96OCA uses microcode ROM to implement com- 
plex instructions and functions. This includes calls, re- 
turns, DMA transfers, and initialization sequences. Mi- 
crocode provides an inexpensive and simple method for 
implementing complex instructions in the mostly RlSe 
environment of the 8D96OCA. When the IS encounters 
a microcoded instruction, it automatically branches to 
the microcode routine. The 80960CA performs this mi- 
crocode branch in D clocks. 
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decode 
decode 
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xxxxx 
issue 
issue 


xxxxx 
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execute & 
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Figure A-2. Instruction 
PIpeline 
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A.4 
Multiply Divide Unit 
A.2 Register File 


The Register File (RF) contains 
the 
16 local 
and 
16 
global 
registers. 
The register 
file has six ports 
(Figure 
A-3), allowing 
parallel 
access of the register 
set by sev- 
eral 80960CA 
coprocessors. 
This parallel 
access results 
in an ability 
to execute 
one simple 
logic or arithmetic 
instruction, 
one 
memory 
operation 
(load/store), 
and 
one address 
calculation 
per clock. 


MEM 
coprocessors 
interface 
to the RF 
with a 128-bit 
wide load bus and a 128-bit wide store bus. These bus- 
ses enable movement 
of up to 4 words per clock to and 
from the RF. These busses also allow LOAD 
data from 
a previous 
read access and STORE 
data from a current 
write access to be processed 
in the register 
file simulta- 
neously. 
An additional 
32-bit port allows an address 
or 
address 
reduction 
operand 
to be simultaneously 
fetched 
by the Address 
Generation 
Unit. 


REG 
coprocessors 
interface 
to the RP 
ith two 64-bit 
source 
busses and a single 64-bit destination 
bus. With 
this 
bus 
structure, 
two 
source 
operands 
are 
simulta- 


neously 
issued to a REO 
coprocessor 
when an instruc- 


tion is issued. A 64-bit destination 
bus allows the result 
from the previous 
operation 
to be written 
to the RP at 
the same time that the current 
operation's 
source 
oper- 
ands are issued. 


A.3 
Execution 
Unit 


The Execution 
Unit is the 32-bit Arithmetic 
and Logic 
Unit of the 80960CA 
Core. The EU can be viewed as a 
self-contained 
REO 
coprocessor 
with 
its own instruc- 


tion set. As such, the EU is responsible 
for executing 
or 
supporting 
the execution 
of all the integer 
and ordinal 
arithmetic 
instructions. 
the logic and shift instructions, 
the move instructions, 
the bit and bit field instructions, 
and 
the 
compare 
operations. 
The 
EU 
performs 
any 
arithmetic 
or logical instructions 
in a single clock. 


The Multiply and Divide Unit (MDU) is a REG 
coproc- 
essor which 
performs 
integer 
and ordinal 
multiply, 
di- 
vide, remainder, 
and modulo 
operations. 
The MDU 
de- 
tects 
integer 
overflow 
and 
divide 
by zero 
errors. 
The 
MDU 
is optimized 
for multiplication, 
performing 
32- 
bit multiplies 
in 4 clocks. 
The 
MDU 
performs 
multi- 
plies and 
divides 
in parallel 
with 
the main 
execution 
unit. 


A.S Address Generation 
Unit 


The Address Generation Unit (AGU) is a MEM 
coproc- 
essor which computes 
the effective addresses 
for memo- 
ry operations. 
It directly 
executes 
the load address 
in- 
struction 
(lda) 
and 
calculates 
addresses 
for loads 
and 
stores based 
on the addressing 
mode specified 
in these 
instructions. 
The address 
calculations 
are performed 
in 
parallel 
with the main executio 
unit (EU). 


A.6 
Data RAM and Local Register 
Cache 


The Data RAM and Local Register Cache is part 
of a 


1.5 Kbyte 
block 
of 
on-chip 
Static 
RAM 
(SR...<\.M). 
1 Kbyte 
of this SRAM 
is mapped 
into the 8096OCA's 
address 
space 
from 
location 
()()()()()()()(H 
to 
000003FFH. 
A portion 
of the remaining 
512 bytes 
is 
dedicated 
to the 
Local 
Register 
Cache. 
This 
part 
of 
internal 
SRAM 
is not directly 
visible to the user. Loads 
and Stores, 
including 
quad-word 
accesses, 
to the inter- 
nal SRAM 
are typically 
performed 
in only one clock. 
The complete 
local register. set, therefore, 
can be moved 
to the local register 
cache 
in only four clocks. 
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Figure A-3. Six-Port 
Register 
File 
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32-BIT HIGH PERFORMANCE 
EMBEDDED PROCESSOR 


• Two Instructions/clock sustained execution 
• Four 59 Mbytes/s DMAChannels with Data Chaining 
• Demultiplexed 32-Bit Burst Bus with Pipellning 


• 
32-bit Parallel Architecture 
• 
tiigh Bandwidth On-Chip Data Ram 
- 
Two Instructions/clock 
Execution 
-1 
Kbytes On-chip RAM for Data 
- 
Load/Store Architecture 
- 
Sustain 128-bits per clock access 
-16, 
32-b!t Global Re~isters 
• 
Four On-Chip DMA Channels 
- 
16, ~2-bIt Local ~eglst~rs 
_ 59 Mbytes/s Fly-by Transfers 
- 
Mampulate ~4-Blt Bit Fields 
_ 32 Mbytes/s Two-Cycle Transfers 
- 
11 Addressing Modes 
_ Data Chaining. 


- 
Full Parallel Fault ~odel 
_ Data Packing/Unpacking 
- 
Supervisor Protection Model 
_ Programmable Priority Method 


• 
Fast Procedure Call/R~turn Model 
• 
32-Bit Demultiplexed Burst Bus 
- 
Full Proce~ure Call In 4 clocks 
-128-Bit 
Internal Data Paths to and 
- 
RISCCall In 2 clocks (BAL) 
from Registers 
• 
On-Chip Register Cache 
- 
Burst Bus for DRAM InterfaCing 
- 
Caches Registers on Call/Ret 
- 
Address Pipelining Option 
- 
Minimum of 6 Frames provided 
- 
Fully Programmable Wait States 
- 
Number of Frames Programmable, 
- 
Supports 8, 16 or 32-bit Bus Widths 
up to 15 
- 
Supports Unaligned Accesses 
4 


• 
On-Chip Instruction. Cache 
- 
Supervisor Protection Pin 
- 
1 Kbyte TWO-WaySet Associative 
• 
High-Speed Interrupt Controller 
-128-bit 
Path to Instruction Sequencer 
- 
Up to 248 External Interrupts 
- 
Cache-Lock Modes 
- 
32 Fully Programmable Priorities 
- 
Cache-Off Mode 
- 
Multi-mode 8-bit Interrupt Port 
- 
Four Internal DMA Interrupts 
- 
Separate, Non-maskable Interrupt Pin 
- 
Context Switch in 750 ns Typical 


·Samples 
available 
4th quarter 
1991. 
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Figure 1. 80960CA Die Photo 
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1.0 PURPOSE 


This document provides a preview of the electrical 
characteristics expected of the 40, 33, 25 and 
16 MHz versions of the 80960CA. For a detailed de- 
scription of any 80960CA functional topic, other than 
parametric performance, consult the latest 80960CA 
Product Overview 
(Order 
No. 
270669), or 
the 
80960CA User's Manual (Order No. 270710). 


2.0 80960CA 
OVERVIEW 


The 80960CA is the second-generation member of 
the 80960 Family of embedded processors. The 
80960CA is object code compatible with the 32-bit 
80960 Core Architecture while including Special 
Function Register extensions to control on-chip pe- 
ripherals, and instruction set extensions to shift 64- 
bit operands and configure on-chip hardware. Multi- 
ple 128-bit internal busses, on-chip instruction cach- 
ing and a sophisticated instruction scheduler allow 
the processor to sustain execution of two instruc- 
tions every clock, and peak at execution of 3 instruc- 
tions per clock. 


A 32-bit demultiplexed and pipelined burst bus pro- 
vides a 160 Mbyte/s bandwidth to a system's high- 
speed external memory sub-system. In addition, the 
80960CA's on-chip caching of instructions, proce- 
dure context and critical program data substantially 
decouples system performance from the wait states 
associated with accesses to the system's slower, 
cost sensitive, main memory sub-system. 


The 80960CA bus controller also integrates full wait 
state and bus width control for highest system per- 
formance with minimal system design complexity. 
Unaligned access and Big Endian byte order support 
reduces the cost of porting existing applications to 
the 80960CA. 


The processor also integrates four complete data- 
chaining DMA channels and a high-speed interrupt 
controller on-chip. The DMA channels perform: sin- 
gle-cycle or two-cycle transfers, data packing and 
unpacking, and data chaining. Block transfers, in ad- 
dition to source or destination synchronized trans- 
fers are provided. 


The interrupt controller provides full programmability 
of 248 interrupt sources into 32 priority levels wjth a 
typical interrupt task switch ("latency") 
time of 
750 ns. 


FOUR·CHANNEL 
DMA CONTROLLER 


INSTRUCTION 
PREFETCH 
OUEUE 


Memory Region I 
Configuration 


BUS CONTROLLER 
PROGRAMMABLE 
INTERRUPT 
CONTROLLER 


INSTRUCTION 
CACHE 


(1K byte, Two-way 
set associative) 


ADDRESS 


MUL TIPLYIDII/IDE 
UNIT 


DATA 
128-BIT CACHE BUS 


SIX-PORT 
REGISTER 
FILE 
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Figure 2. 80960CA 
Block Diagram 
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2.1. The C-Series Core 


The C-Series 
core is a very high performance 
micro- 
architectural 
implementation 
of the 80960 
Core Ar- 


chitecture. 
The C-Series 
core can sustain execution 
of two instructions 
per clock 
(66 MIPs at 33 MHz). 
To achieve 
this level of performance, 
Intel has incor- 
porated 
state-of-the-art 
silicon technology 
and inno- 
vative 
microarchitectural 
constructs 
into the imple- 
mentation 
of the C-Series core. Factors that contrib- 
ute to the core's 
performance 
include: 


- 
Advanced 
silicon 
technology 
allows 
operation 
with a 40 MHz internal 
clock. 


- 
Parallel 
instruction 
decoding 
allows 
issue of up 
to three instructions 
per clock. 


- 
Most instructions 
execute 
in a single clock. 


- 
Parallel 
instruction 
decode 
allows 
sustained, 
simultaneous 
execution 
of two 
single-clock 
in- 
structions 
every clock cycle. 


- 
Efficient 
instruction 
pipeline 
is designed 
to mini- 
mize pipeline 
break losses. 


- 
Register 
and 
resource 
scoreboardinq 
allow 
simultaneous 
multi-clock 
instruction 
execution. 


- 
Branch 
look-ahead 
and prediction 
allows 
many 
branches 
to execute 
with no pipeline 
break. 


- 
Local Register 
Cache 
integrated 
on-chip 
caches 
Call/Return 
context. 


- 
Two-way 
set associative, 
1Kbyte 
integrated 
in- 
struction 
cache 


- 
1Kbyte 
integrated 
Data 
RAM 
sustains 
a four- 
word (128-bit) 
access 
every clock cycle. 


2.2. 
Pipelined, 
Burst Bus 


A 32-bit 
high performance 
bus controller 
interfaces 
the 80960CA 
to external 
memory 
and 
peripherals. 
The 
Bus Control 
Unit features 
a maximum 
transfer 
rate of 160 Mbytes per second 
(at 40 MHz). Internal- 
ly programmable 
wait states and 16 separately 
con- 
figurable 
memory 
regions 
allow the processor 
to in- 
terface 
with a variety 
of memory 
subsystems 
with a 
minimum 
of system 
complexity 
and a maximum 
of 
performance. 
The Bus Controller's 
main features 
in- 
clude: 


- 
Demultiplexed, 
Burst Bus to exploit most efficient 
DRAM access 
modes 


- 
Address 
Pipelining 
to reduce 
memory 
cost while 
maintaining 
performance 


- 
32-,16- 
and 8-bit modes for I/O interfacing 
ease. 


- 
Full internal 
wait state generation 
to reduce 
sys- 


tem cost 


- 
Little and Big Endian support 
to ease application 
development 


- 
Unaligned 
access 
support 
for code portability 


- 
Three-deep 
request 
queue to decouple 
the bus 
from the core 


- 
Direct interface 
to Intel's 
27C960 
Burst EPROM 
and 82596 
Ethernet 
Controller 


2.3. 
Flexible DMA Controller 


A four channel 
DMA controller 
provides 
high speed 
DMA control 
for data transfers 
involving 
peripherals 
and memory. 
The DMA provides 
advanced 
features 
such as data chaining, 
byte assembly 
and disassem- 
bly, and a high performance 
fly-by mode capable 
of 
transfer 
speed 
of up to 59 MBytes 
per second 
at 
33 MHz. The DMA controller 
features 
a performance 
and flexibility 
which 
is only 
possible 
by integrating 
the DMA controller 
and the 80960CA 
core. 


2.4. 
Priority Interrupt Controller 


A 
programmable-priority 
interrupt 
controller 
man- 
ages 
up to 248 external 
sources 
through 
the 8-bit 
external 
interrupt 
port. The 
Interrupt 
Unit also han- 
dles the 4 internal 
sources 
from the DMA controller, 
and a single non-maskable 
interrupt 
input. The 8-bit 
interrupt 
port can also be configured 
to provide 
indi- 
vidual 
interrupt 
sources 
that are level, or edge trig- 
gered. 


Interrupts 
in the 
80960CA 
are 
prioritized 
and 
sig- 
naled within 270 ns of the request. 
If the interrupt 
is 
of higher priority than the processor 
priority, the con- 
text switch 
to the interrupt 
routine 
typically 
is com- 
plete in another 
480 ns. The interrupt 
unit provides 
the mechanism 
for the low latency and high through- 
put interrupt 
service which is essential 
for embedded 
applications. 
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2.5. 
Instruction 
Set Summary 


The following 
table summarizes 
the 80960CA 
instruction 
set by logical 
groupings. 
See the 80960CA 
User's 
Manual for a complete 
description 
of the instruction 
set. 


Data 
Arithmetic 
Logical 
Bit. Bit Field 
Movement 
and Byte 


Load 
Add 
And 
Set Bit 
Store 
Subtract 
, 
Not And 
Clear Bit 
Move 
Multiply 
And Not 
Not Bit 
Load Address 
Divide 
Or 
Alter Bit 
Remainder 
Exclusive Or 
Scan for Bit 
Modulo 
Not Or 
Span over Bit 
Shift 
Or Not 
Extract 
'Extended 
I' 
Nor 
Modify 
Shift 
Exclusive 
Nor 
Scan Byte for Equal 
Extended 
Not 
Multiply 
Nand 
Extended 
r- 


.J 
Divide 
Add with 
Carry 
Subtract 
with 
Carry 
Rotate 


Comparison 
Branch 
Call and Return 
Fault 


Compare 
Unconditional 
Call 
Conditional 
Conditional 
Branch 
Call Extended 
Fault 
Compare 
Conditional 
Call System 
Synchronize 
Compare 
and 


.. 


Branch 
Return 
Faults 


Increment 
Branch and Link 


Compare 
and 
Decrement 
Compare 
and 
Condition 
Test 
Branch 
Check Bit 


Debug 
Processor 
Atomic 
Management 


Modify Trace 
Modify 
Atomic Add 
Controls 
Process 
Atomic Modify 
Mark 
Controls 
Force Mark 
Modify 
Arithmetic 
Controls 
'System 
Control 
'DMA 
Control 
Flush Local 
Registers 


NOTE: 
Instructions 
marked 
by (") are 80960CA 
extensions 
to the 80960 
instruction 
set. 
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3.0 
PACKAGE 
INFORMATION 
Table 1. Pin Description 
Nomenclature 


3.1. 
Package Introduction 


This section 
describes 
the pins, pinouts and thermal 
characteristics 
for the 80960CA 
in the 
168-pin 
Ce- 


ramic Pin Grid Array (PGA) package 
and the 196 pin 


Plastic 
Quad 
Flat 
Package 
(PQFP). 
For complete 


package 
specifications 
and information, 
see the Intel 


Packaging 
Specification 
(Order # 231369). 
. 


3.2. 
Pin Descriptions 


The 80960CA 
pins are described 
in this section. 
Ta- 
ble 1 presents 
the legend for interpreting 
the pin de- 
scriptions 
in the following 
tables. 


The 
pins 
associated 
with 
the 
32-bit 
demultiplexed 


processor 
bus are described 
in Table 
2. The 
pins 


associated 
with 
basic 
processor 
configuration 
and 


control 
are described 
in Table 3. The pins associat- 
ed with the 80960CA 
OMA Controller 
and Interrupt 
Unit are described 
in Table 4. 


Figure 3 provides 
an example 
pin description 
table 


entry. The "1/0" 
signifies 
that the data pins are in- 
put-output. 
The "S" 
indicates 
the pins are synchro- 
nous to PCLK2: 1. The 
"H(Z)" 
indicates 
that these 


pins float while 
the processor 
bus is in a Hold Ac- 


knowledge 
state. The "R(Z)" 
notation 
indicates 
that 
the pins also float while RESET is low. 


All pins float while the processor 
is in the ONCETM 


mode. 


Symbol 
Description 


I 
Input only pin 
0 
Output only pin 


1/0 
Pin can be either an input or output 
- 
Pins "must 
be" connected 
as 
described 


S( ... 
) 
Synchronous. 
Inputs must meet setup 


and hold times relative to PCLK2:1 for 
proper operation 
of the processor. 
All 


outputs are synchronous 
to PCLK2:1. 


S(E) Edge sensitive 
input 
S(L) Level sensitive 
input 


A( ... 
) 
Asynchronous. 
Inputs may be 
asynchronous 
to PCLK2:1. 


A(E) Edge sensitive 
input 
A(L) Level sensitive 
input 


H( ... 
) 
While'the 
processor's 
bus is in the 
Hold Acknowledge 
state, the pin: 


H(1) 
is driven to vcc 
H(O) 
is driven to Vss 
H(Z) 
floats 
H(Q) 
continues 
to be a valid output 


R( ... 
) 
While the processor's 
RESET # pin is 


low, the pin 


R(1) 
is driven to vcc 
R(O) 
is driven to Vss 
R(Z) 
floats 
R(Q) 
continues 
to be a valid output 


Name 
Type 
Description 


031:0 
110 
DATA BUS carries 32, 16, or 8-bit data quantities 
depending 
on bus width configuration. 
S(L) 
The least significant 
bit of the data is carried on DO and the most significant 
on 031. When 


H(Z) 
the bus is configured 
for 8 bit data, the lower 8 data lines, 07:0 are used. For 16 bit data 


R(Z) 
widths, 015:0 are used. For 32 bit data the full data bus is used. 


Figure 3. Example 
Pin Description 
Entry 
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Table 2. 80960CA 
Pin Description-External 
Bus Signals 


Name 
Type 
Description 
... 


A31:2 
0 
ADDRESS 
BUS carries the upper 30 bits of the physical address. A31 is the most 
S 
significant 
address bit and A2 is the least significant. 
Ouring a bus access, A31:2 


H(Z) 
identify all external addresses 
to word (4-byte) boundaries. 
The byte enable signals 


R(Z) 
indicate the selected 
byte in each word. Ouring burst accesses, 
A3 and A2 
increment 
to indicate successive 
data cycles. 


031:0 
I/O 
DATA BUS carries 32, 16, or 8-bit data quantities 
depending 
on bus width 
S(L) 
configuration. 
The least significant 
bit of the data is carried on 00 and the most 


H(Z) 
significant 
on 031. When the bus is configured 
for 8 bit data, the lower 8 data lines, 


R(Z) 
07:0 are used. For 16 bit bus widths, 015:0 are used. For 32 bit bus widths the full 
data bus is used. 


BE3 
0 
BYTE ENABLES 
select which of the four bytes addressed 
by A31:2 are active 
BE2 
S 
during an access t~emory 
region confi~d 
for a 32-bit data-bus 
width. BE3 


BE1 
H(Z) 
applies to 031 :24; BE2 applies to 023:16; 
BE1 applies to 015:8; 
and BEO applies 


BEO 
R(I) 
to 07:0. 


32-bit bus: 
BE3 
-Byte 
Enable 3 
-enable 
031 :24 
BE2 
-Byte 
Enable 2 
-enable 
023:16 
BE1 
-Byte 
Enable 1 
-enable 
015:8 
BEO 
-Byte 
Enable 0 
-enable 
07:0 


For accesses 
to a memory r~n 
configured 
for a 16-bit data-bus 
width, ~ 
processor 
directly encodes 
BE3, BE1 and BEO to provided 
BHE, A 1 and BLE 
respectively. 


16-bit bus: 
BE3 
-Byte 
High Enable (BHE) 
-enable 
015:8 
BE2 
-Not 
used (is driven high or low) 
BE1 
-Address 
Bit 1 (A1) 
BEO 
-Byte 
Low Enable (BLE) 
-enable 
07:0 


For accesses 
to a memory r~n 
co~red 
for an 8-bit data bus width, the 
processor 
directly encodes 
BE1 and BEO to provide A 1 and AO respectively. 


8-bit bus: 
BE3 
-Not 
used (is driven high or low) 
BE2 
-Not 
used (is driven high or low) 
BE1 
-Address 
Bit 1 (A1) 
BEO 
-Address 
Bit 0 (AO) 


W/R 
0 
WRiTE/READ 
is low (0) for read accesses 
and high (1) for write accesses. 
The 
S 
W/R 
signal changes 
in the same clock cycle as AOS. It remains valid for the entire 
H(Z) 
access in non-pipelined 
regions. In pipelined 
regions, W/R" may not be valid in the 


R(O) 
last cycle of a read access. 


ADS 
0 
ADDRESS 
STROBE 
indicates 
valid address and the start of a new bus access. 


S 
AOS is asserted 
for the first clock of a bus access. 


H(Z) 
R(1) 


I 
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Table 2. 80960CA 
Pin Description-External 
Bus Signals (Continued) 


Name 
Type 
Description 


READY 
I 
READY is an input which Signals the termination 
of a data transfer. 
READY is 
S(L) 
used to indicate that read data on the bus is valid, or that a write- data transfer 
has 


H(Z) 
completed. 
The READY signal works in conjunction 
with the internally 


R(Z) 
programmed 
wait-state 
generator. 
If READY is enabled 
in a region, the p~ 
sampled 
after the programmed 
number of wait-states 
has expired. 
If the READY 
pin is deasserted 
high, wait states will continue 
to be inserted until READY 
becomes 
asserted 
low. This is true for the NRAD, NRDD, NWAD, and NWDD wait 
states. The NXDA wait states cannot 
be extended. 


BTERM 
I 
BURST TERMINATE 
is an input which signals the termination 
of an access. The 
S(L) 
assertion 
of BTERM causes another address cycle to occur. The BTERM signal 


H(Z) 
works in conjunction 
with the internally 
programmed 
wait-state 
generator. 
If 


R(Z) 
READY and BTERM are enabled in a region, the BTERM pin is sampled 
after the 
programmed 
number of wait states has expired. When BTERM is asserted 
(Iow), 


READY is ignored. 


WAIT 
0 
WAIT indicates 
the status of the internal wait state generator. 
WAIT is active 
S 
when wait states are being caused by the internal wait state generator 
and not by 


H(Z) 
the READY or BTERM inputs. WAIT can be used to derive a write-data 
strobe. 


R(1) 
WAIT can also be thought 
of as a READY output that the processor 
provides 
when it is inserting wait states. 


BLAST 
0 
BURST LAST indicates 
the last transfer 
in a bus access. 
BLAST is asserted 
in the 


S 
last data transfer 
of burst and non-burst 
accesses 
after the wait state counter 
H(Z) 
reaches zero. BLAST remains active until the clock following 
the last cycle of the 


R(O) 
last data transfer 
of a bus access. 
If the READY or BTERM input is used to extend 
wait states, the BLAST signal remains active until READY or BTERM terminates 
the access. 


DT/R 
0 
DATA TRANSMIT IRECEIVE 
indicates 
direction 
for data transceivers. 
DT IR is 
S 
used in conjunction 
with DE~ to provide control for data transceivers 
attached 
to 
H(Z) 
the external 
bus. When DT IR is low (0), the signal indicates 
that the processor 
will 


R(O) 
receive data. Conversely, 
when high (1) the processor 
will send data. DT IR will 
change only while DEN is high. 


DEN 
0 
DATA ENABLE indicates 
data cycles in a bus access. 
DEN is asserted 
(Iow) at 
S 
the start of the first data cycle of a bus request and is deasserted 
(high) at the end 


H(Z) 
of the last data cycle. DEN is used in conjunction 
with DT IR to provide control 
for 


R(1) 
data transceivers 
attached 
to the external 
bus. DEN remains asserted 
for 
sequential 
reads from pipelined 
memory regions. DEN is high when DT IR 
changes. 


LOCK 
0 
BUS LOCK indicates 
that an atomic read-modify-write 
operation 
is in progress. 
S 
LOCK may be used to prevent external agen~ 
from accessing 
memory which is 
H(Z) 
currently 
involved 
in an atomic operation. 
LO 
K is asserted 
(0) in the first clock of 


R(1) 
an atomic operation, 
and deasserted 
in the clock cycle following 
the last bus 
access for the atomic operation. 
To allow the most flexibility 
for a memory system 


enforcement 
of locked accesses, 
the processor 
will acknowledge 
a bus hold 
r6C 
est when LOCK is asserted. 
The processor 
will perform 
DMA transfers 
while 
L 
K is active. 


HOLD 
I 
HOLD REQUEST 
signals that an external agent requests access to the external 


S(L) 
bus. The processor 
asserts HOLDA after completing 
the current bus request. 


H(Z) 
HOLD, HOLDA, and BREQ are used together 
to arbitrate 
access to the 


R(Z) 
processor's 
external bus by external 
bus agents. 


BOFF 
I 
BUS BACK OFF causes the 80960CA 
to relinquish 
control of the bus and 
S(L) 
discontinue 
making bus requests. 
When BOFF is asserted, 
the bus controller 
H(Z) 
aborts it current bus access and tri-states 
its address, 
data, and status lines. 


R(Z) 
When the BOFF signal is deasserted, 
the 80960CA 
resumes by either 
regenerating 
the aborted access ;f one was in progress, 
or beginning 
the next 
access. 
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Table 
2. 80960CA 
Pin Description-External 
Bus Signals 
(Continued) 


Name 
Type 
Description 


HOLDA 
0 
HOLD ACKNOWLEDGE 
indicates 
to a bus requestor 
that the processor 
has 
S 
relinquished 
control 
of the external 
bus. When HOLDA is asserted, 
the external 


H(1) 
address bus, data bus, and bus control 
signals are floated. 
HOLD, HOLDA, and 


R(Q) 
BREQ are used together 
to arbitrate 
access to the processor's 
external 
bus by 
external 
bus agents. Since the processor 
will grant HOLD requests 
and enter the 
Hold Acknowledge 
state even while RESET is active, the state of the HOLDA pin 
will be independent 
of the RESET pin. 


BREQ 
0 
BUS REQUEST 
indicates 
that the processor 
wishes to perform a bus request. 


S 
BREQ can be used by external 
bus arbitration 
logic in conjunction 
with HOLD and 


H(Q) 
HOLDA to determine 
when to return mastership 
of the external 
bus to the 


R(O) 
processor. 


DIC 
0 
DATA OR CODE indicates 
that a bus access is a data access 
(1) or a instruction 
S 
access (0). DIG has the same timing as W/R 


H(Z) 
R(Z) 


DMA 
0 
DMA ACCESS 
indicates 
whether the bus access was initiated by the DMA 
S 
controller. 
DMA will be asserted 
(Iow) for any DMA access. 
DMA will be 


H(Z) 
deasserted 
(high) for all other accesses. 


R(Z) 


SUP 
0 
SUPERVISOR 
ACCESS 
indicates 
whether 
the bus access originates 
from a 
S 
request issued while in supervisor 
mode. SUP will be asserted 
(Iow) when the 


H(Z) 
access has supervisor 
privileges, 
and will be deasserted 
(high) otherwise. 
SUP 


R(Z) 
can be used to isolate supervisor 
code and data structures 
from non-supervisor 
. 
access . 


Table 
3. 80960CA 
Pin Description-Processor 
Control 
Signals 


Name 
Type 
Description 


RESET 
I 
RESET causes the chip to reset. When RESET is asserted 
(Iow), all external 
signals 
A(L) 
return to the reset state. When RESET is deasserted, 
initialization 
begins. When the 


H(Z) 
two-x clock mode is selected, 
RESET must remain asserted 
for 16 PCLK2:1 cycles 


R(Z) 
before being deasserted 
in order to guarantee 
correct 
initialization 
of the processor. 


N(Z) 
When the one-x clock mode is selected, 
RESET must remain asserted 
for 10,000 
PCLK2:1 cycles before being deasserted 
in order to guarantee 
correct 
initialization 
of 
the processor. 
The .CLKMODE pin selects one-x or two-x input clock division of the 
CLKIN pin. 
The processor's 
Hold Acknowledge 
bus state functions 
while the chip is reset. If the 
processor's 
bus is in the Hold Acknowledge 
state when RESET is activated, 
the 
processor 
will internally 
reset, but will maintain the Hold Acknowledge 
state on 
external 
pins until the Hold request is removed. 
If a hold request is made while the 
processor 
is in the reset state, the processor 
bus will grant HOLDA and enter the Hold 
Acknowledge 
state. 


FAIL 
0 
FAIL indicates 
failure of the processor's 
self-test 
performed 
at initialization. 
When 
S 
RESET is deasserted 
and the processor 
begins initialization, 
the FAIL pin is asserted 


H(Q) 
(0). An internal self-test 
is performed 
as part of the initialization 
process. 
If this self-test 


R(O) 
passes, the FAIL pin is de asserted 
(1) otherwise 
it remains asserted. 
The FAIL pin is 
reasserted 
while the processor 
performs 
and external bus self-confidence 
test. If this 
self-test 
passes, the processor 
deasserts 
the FAIL pin and branches 
to the users 
initialization 
routine, otherwise 
the FAIL pin remains asserted. 
Internal self-test 
and the 


use of the FAIL pin can be disabled with the STEST pin. 
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Table 3. 80960CA 
Pin Description-Processor 
Control 
Signals (Continued) 


Name 
Type 
Description 


STEST 
I 
SELF TEST causes the processor's 
internal self-test 
feature to be enabled 
or 
S(L) 
disabled 
at initialization. 
STEST is read on the rising edge of RESET. When asserted 


H(Z) 
(high) the processor's 
internal self-test 
and external bus confidence 
tests are 


R(Z) 
performed 
during processor 
initialization. 
When deasserted 
(Iow), only the internal 


self-test 
is not performed 
during initialization. 


ONCETM 
I 
ON CIRCUIT 
EMULATION 
causes all outputs to be floated 
when asserted 
(Iow). 


A(L) 
ONCE is continuously 
sampled 
while RESET is low, and is latched on the rising edge 


H(Z) 
of RESET. To place the processor 
in the ONCE state: 


R(Z) 
(1) 
assert RESET and ONCE (order does not matter) 
(2) 
wait for at least 16 clocks in one-x mode, or 10,000 clocks 
in two-x mode, 


after vcc and CLKIN are within operating 
specifications 
(3) 
deassert 
RESET 
(4) 
wait at least 16 clocks 
(The processor 
will now be latched in the ONCE state as long as RESET is high.) 


To exit the ONCE state, bring vcc and CLKIN to operating 
conditions, 
then assert" 


RESET and bring ONCE high prior to deasserting 
RESET. 


CLKIN must operate within the specified 
operating 
conditions 
of the processor 
until 
step 4 above has been completed. 
The CLKIN may then be changed 
to D.C. to 
achieve the lowest possible 
ONCE mode leakage current. 


ONCE can be used by emulator 
products 
or for board testers to effectively 
make an 
installed 
processor 
transparent 
in the board. 


CLKIN 
I 
CLOCK INPUT is an input for the external 
clock needed to run the processor. 
The 
A(E) 
external 
clock is internally 
divided as prescribed 
by the CLKMODE 
pin to produce 


H(Z) 
PCLK2:1. 


R(Z) 


CLKMODE 
I 
CLOCK MODE selects the division factor applied to the external 
clock input (CLKIN). 


A(L) 
When CLKMODE 
is high (1), CLKIN is divided by one to create PCLK2:1 and the 


H(Z) 
processor's 
internal clock. When CLKMODE 
is low (0), CLKIN is divided by two to 


R(Z) 
create PCLK2:1 and the processor's 
internal clock. CLKMODE 
should be tied high, or 
low in a system, as the clock mode is not latched by the processor. 
If left 
unconnected, 
the processor 
will internally 
pull the CLKMODE 
pin low (0), enabling 
the 
two-x clock mode. 


PCLK2 
0 
PROCESSOR 
OUTPUT 
CLOCKS 
provide a timing reference 
for all inputs and 
PCLK1 
S 
outputs 
of the processor. 
All inputs and output timings are specified 
in relation to 


H(Q) 
PCLK2 and PCLK1. PCLK2 and PCLK1 are identical 
signals. Two output pins are 


R(Q) 
provided to allow flexibility 
in the system's 
allocation 
of capacitive 
loading on the 
clock. PCLK2:1 may also be connected 
at the processor 
to form a single clock signal. 


Vss 
- 
GROUND 
connections 
consist of 24 pins which must be connected 
externally 
to a 
Vss board plane. 


Vcc 
- 
POWER connections 
consist of 24 pins which must be connected 
externally 
to a vcc 


board plane. 


NIC 
- 
NO CONNECT 
pins must not be connected 
in a system. 
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Table 4 80960CA 
Pin Descrlptlon-DMA 
and Interrupt 
Unit Control 
Signals 


Name 
Type 
Description 


DREQ3 
I 
DMA REQUEST 
causes a DMA transfer to be requested. 
Each of the four si nals 
DREQ2 
A(L) 
requests 
a transfer 
on a single channel. 
DREQO requests 
channel 
0, ORE 
1 


DREQ1 
H(Z) 
requests 
channel 
1, etc. When two or more channels 
are requested 
simultaneously, 


DREQO 
R(Z) 
the channel with the highest priority is serviced 
first. The channel 
priority mode is 
programmable. 


DACK3 
0 
DMA ACKNOWLEDGE 
indicates 
that a DMA transfer 
is being executed. 
Each of the 
DACK2 
S 
four signals acknowledges 
a transfer for a single channel. 
DACKO acknowledges 


DACK1 
H(Z) 
channel 
0, DACK1 acknowledges 
channel 
1, etc. DACK3:0 are active (0) when the 


DACKO 
R(1) 
requesting 
device of a DMA is accessed. 


EOP3/TC3 
I/O 
END OF PROCESS/TERMINAL 
COUNT can be programmed 
as either an input 
EOP2/TC2 
A(L) 
(EOP3:0) or as an output (TC3:0), but not both. EOh 
pin is individually 


EOP1/TC1 
H(Z/Q) 
programmable. 
When programmed 
as an input, E 
Px causes the termination 
of a 


EOPO/TCO 
R(Z) 
current DMA transfer for the channel 
corresponding 
to the EOPx pin. EOPO 
corresponds 
to channel 
0, EOP1 corresponds 
to channel 
1, etc. When a channel 
is 
configured 
for source and destination 
chaining, the EOP pin for that channel 
causes 
termination 
of only the current buffer transferred 
and causes the next buffer to be 
transferred. 
EOP3:0 are asynchronous 
inputs. 


When programmed 
as an output, the channel's fCx pin indicates 
that the channel 
byte count has reached 
0 and a DMA has terminated. 
TCx is driven active (0) for a 
single clock cycle after the last DMA transfer 
is completed 
on the external 
bus . 
TC3:0 are synchronous 
outputs. 


XINT7 
I 
EXTERNAL 
INTERRUPT 
PINS cause interrupts 
to be requested. 
These pins can be 
XINT6 
A(E/L) 
configured 
in three modes. 


XINT5 
H(Z) 
'In the Dedicated 
Mode, each pin is a dedicated 
external 
interrupt 
source. 
Dedicated 


XINT4 
R(Z) 
inputs can be individually 
programmed 
to be level (Iow) or edge (falling) activated. 


XINT3 
In the Expanded 
Mode, the a pins act together 
as an a-bit vectored 
interrupt 
source. 


XINT2 
The interrupt 
pins in this mode are level activated. 
Since the interrupt 
pins are active 


XINT1 
low, the vector number requested 
is the one's complement 
of the positive logic value 


XINTO 
place on the port. This eliminates 
glue logic to interface 
to combinational 
priority 
encoders 
which output negative 
logic. 
In the Mixed Mode, XINT7:5 are dedicated 
sources and XINT4:0 act as the s most 
significant 
bits of an expanded 
mode vector. The least significant 
bits are set to 010 
internally. 


NMI 
I 
NON-MASKABLE 
INTERRUPT 
causes a non-maskable 
interrupt 
event to occur. 


A(E) 
NMI is the highest priority interrupt 
recognized. 
NMI is an edge (falling) activated 
H(Z) 
source. 


R(Z) 


4-49 


• 


inter 
80960CA-40, -33, -25, -16 


3.3. 80960CA Pinout 
B0960CA 
pinout 
as viewed 
from the top side of the. 


component 
(i.e., pins facing down). Figure 4-b shows 
the complete 
B0960CA 
pinout 
as viewed 
from 
the 
pin-side 
of the 
package 
(i.e., pins facing 
up). See 
Section 
4.0, Electrical 
Specifications 
for specifica- 
tions and recommended 
connections. 


3.3.1 80960CA 
CPGA 
PINOUT 


Tables 
5 and 
6 list the 
B0960CA 
pin names 
with 
package 
location. 
Figure 
4-a depicts 
the complete 


Table 
5. Pin Name with 
Package 
Location 


Address 
Bus 
Data Bus 
Bus Control 
Processor 
Control 
1/0 


Name 
.. Location 
Name 
.. Location 
Name 
.. Location 
Name 
.... 
Location 
Name 
.. Location 


A31 ........ 
515 
031 ........ 
R03 
BE3 ........ 
505 
RESET 
....... 
A16 
ORE03 
..... 
A07 


A30 ........ 
013 
030 ........ 
005 
BE2 ........ 
506 
ORE02 
..... 
B06 


A29 ........ 
R14 
029 
........ 
502 
BEl 
........ 
507 
FAIL .......... 
A02 
OREOl 
..... 
A06 


A2B ........ 
014 
02B ........ 
004 
BEO ........ 
R09 
OREOO ..... 
B05 


A27 ........ 
516 
027 ........ 
R02 
5TE5T 
........ 
B02 


A26 ........ 
R15 
026 ........ 
003 
W/R 
....... 
510 
OACK3 ..... 
Al0 


A25 ........ 
517 
025 
........ 
501 
ONCE 
........ 
C03 
OACK2 
..... 
A09 


A24 ........ 
015 
024 ........ 
ROl 
AOS 
....... 
R06 
OACKl 
..... 
AOB 


A23 ........ 
R16 
023 ........ 
002 
CKLlN 
........ 
C13 
OACKO ..... 
BOB 


A22 ... 
: .... 
R17 
022 
........ 
P03 
REAOY ..... 
503 
CLKMOOE 
.... 
C14 


A21 ........ 
016 
021 ........ 
001 
BTERM ..... 
R04 
PCLKl 
........ 
B14 
EOP/TCO 
... All 


A20 
........ 
P15 
020 
........ 
P02 
PCLK2 ........ 
B13 
EOP/TCl 
... A12 


A19 
........ 
P16 
019 
........ 
POl 
WAIT ....... 
512 
EOP/TC2 
... A13 


A1B ........ 
017 
01B ........ 
N02 
BLA5T 
..... 
50B 
Vss 
EOP/TC3 
... A14 


A17 
........ 
P17 
017 ........ 
NOl 
Location 


A16 ........ 
N16 
016 ........ 
MOl 
OT/R ....... 
511 
C07, COB, C09, 
XINT7 
...... 
C17 


A15 ........ 
N17 
015 
........ 
LOl 
.OEN 
....... 
509 
Cl0, 
Cl1, 
C12, 
XINT6 
...... 
C16 


A14 ........ 
M17 
014 
........ 
L02 
F15, G03, G15, 
XINT5 
. , .... 
B17 
H03, H15, J03, 
A13 
........ 
L16 
013 
........ 
KOl 
LOCK 
...... 
514 
J15, K03, K15, 
XINT4 
...... 
C15 


A12 
........ 
L17 
012 
........ 
JOl 
L03, L15, M03, 
XINT3 
...... 
B16 
M15, 007, OOB, 
All 
........ 
K17 
011 ........ 
HOl 
HOLO ...... 
R05 
009, 010, 011 
XINT2 
...... 
A17 


Al0 
........ 
J17 
010 ........ 
H02 
HOLOA ..... 
504 
Vcc 
XINTl 
...... 
A15 


A9 ......... 
H17 
09 ......... 
GOl 
BREO ...... 
R13 
Location 
XINTO ...... 
B15 


AB .... 
~.... 
G17 
OB ......... 
FOl 
B07, B09, Bl0, 


A7 ......... 
G16 
07 
......... 
EOl 
O/C ........ 
513 
Bll, 
B12, C06, 
NMI ........ 
015 


A6 
......... 
F17 
06 
......... 
F02 
OMA ....... 
R12 
E15, F03, F16, 
G02, H16, J02, 


A5 ......... 
E17 
05 ......... 
001 
5UP 
....... 
012 
J16, K02, K16, M02, 


A4 ......... 
E16 
04 
......... 
E02 
M16, N03, N15, 
006, R07, ROB, 
Rl0,Rl1 


A3 ......... 
017 
03 
......... 
COl 
BOFF 
...... 
BOl 
No Connect 


A2 ......... 
016 
02 ......... 
002 
Location 


01 
......... 
C02 
A01, A03, A04, A05, 
B03, B04, C04, C05, 
003 


00 
......... 
E03 
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Table 6. Pin Name with Package Location 


Address Bus 
Data Bus 
Bus Control 
Processor Control 
1/0 


Location 
.. Name 
Location 
.. Name 
Location 
.. Name 
Location 
.... 
Name 
Location 
.. Name 


A01 ......... 
NC 
C01 ......... 
03 
G01 ......... 
09 
M01 
......... 
016 
R01 ........ 
024 


A02 
....... 
FAIL 
C02 ......... 
01 
G02 ........ 
vcc 
M02 ......... 
vcc 
R02 ........ 
027 


A03 ......... 
NC 
C03 ...... 
ONCE 
G03 ........ 
vss 
M03 .......... 
Vss 
R03 ........ 
031 


A04 ......... 
NC 
C04 ......... 
NC 
G15 ........ 
vss 
M15 .......... 
Vss 
R04 ..... 
BTERM 


A05 ......... 
NC 
C05 ......... 
NC 
G16 ......... 
A7 
M16 ......... 
vcc 
R05 ...... 
HOLO 


A06 ..... 
ORE01 
C06 ........ 
vcc 
G17 ......... 
A8 
M17 .......... 
A14 
R06 
....... 
AOS 


A07 ..... 
ORE03 
C07 ........ 
Vss 
R07 ........ 
vcc 


A08 ..... 
OACK1 
C08 ........ 
vss 
H01 ........ 
011 
N01 .......... 
017 
R08 ........ 
vcc 


A09 ..... 
OACK2 
C09 ........ 
vss 
H02 ........ 
010 
N02 .......... 
018 
R09 ........ 
BEO 


A10 ..... 
OACK3 
C10 ........ 
vss 
H03 ........ 
Vss 
N03 .......... 
vcc 
R10 ........ 
vcc 


A11 ... EOP/TCO 
C11 ........ 
Vss 
H15 ........ 
Vss 
N15 .......... 
vcc 
R11 ........ 
vcc 


A12 ... EOP/TC1 
C12 ........ 
Vss 
H16 ........ 
vcc 
N16 .......... 
A16 
R12 ....... 
OMA 


A13 ... EOP/TC2 
C13 ...... 
CLKIN 
H17 ......... 
A9 
N17 .......... 
A15 
R13 ...... 
BREO 


A14 ... EOP/TC3 
C14 .. CLKMOOE 
R14 ........ 
A29 


A15 ...... 
XINT1 
C15 ...... 
XINT4 
J01 
........ 
012 
P01 .......... 
019 
R15 ........ 
A26 


A16 ..... 
RE8ET 
C16 ...... 
XINT6 
J02 ........ 
vcc 
P02 .......... 
020 
R16 ........ 
A23 


A17 ...... 
XINT2 
C17 ...... 
XINT7 
J03 
........ 
Vss 
P03 .......... 
022 
R17 ........ 
A22 


J15 
........ 
Vss 
P15 .......... 
A20 


B01 
...... 
BOFF 
001 
......... 
05 
J16 ........ 
vcc 
P16 .......... 
A19 
801 
........ 
025 


B02 
..... 
8TE8T 
002 
......... 
02 
J17 
........ 
A10 
P17 .......... 
A17 
802 
........ 
029 


B03 ......... 
NC 
003 ......... 
NC 
803 ..... 
REAOY 


B04 ......... 
NC 
015 ........ 
NMI 
K01 ........ 
013 
001 .......... 
021 
804 ..... 
HOLOA 


B05 ..... 
OREQO 
016 
......... 
A2 
K02 ........ 
vcc 
002 .......... 
023 
805 ........ 
BE3 


B06 ..... 
ORE02 
017 
......... 
A3 
K03 ........ 
Vss 
003 .......... 
026 
806 ........ 
BE2 


B07 ........ 
vcc 
K15 ........ 
Vss 
004 .......... 
028 
807 ........ 
BE1 


B08 ..... 
OACKO 
E01 ......... 
07 
K16 ........ 
vcc 
005 .......... 
030 
808 
..... 
BLAST 


B09 ........ 
vcc 
E02 ......... 
04 
K17 ........ 
A11 
006 .......... 
vcc 
809 
....... 
OEN 


B10 ........ 
vcc 
E03 ......... 
00 
007 
.......... 
Vss 
810 
....... 
W/R 


B11 ........ 
vcc 
E15 ........ 
vcc 
L01 ........ 
015 
008 
.......... 
Vss 
811 ....... 
0T/R 


B12 ........ 
vcc 
E16 ......... 
A4 
L02 ........ 
014 
009 
.......... 
vss 
812 ....... 
WAIT 


B13 
..... 
PCLK2 
E17 ......... 
A5 
L03 ........ 
Vss 
010 
.......... 
vss 
813 ........ 
0/C 


B14 
..... 
PCLK1 
L15 ........ 
Yss 
011 
.......... 
Vss 
814 ....... WCK 


B15 ...... 
XINTO 
F01 
......... 
08 
L16 
........ 
A13 
012 
......... 
8UP 
815 
........ 
A31 


B16 ...... 
XINT3 
F02 ......... 
06 
L17 
........ 
A12 
013 .......... 
A30 
816 
........ 
A27 


B17 ...... 
XINT5 
F03 ........ 
vcc 
014 
.......... 
A28 
817 
........ 
A25 


F15 
........ 
Vss 
015 .......... 
A24 


F16 ........ 
vcc 
016 .......... 
A21 


F17 
......... 
A6 
017 .......... 
A18 
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A 
BeD 
E 
F 
G 
H 
J 
K 
L 
M 
N 
P 
Q 
R 
S 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


16 


000 
XiliiT5 XiNT7 
A3 


o 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


07 
08 
09 
011 
012 
013 
01S 
016 
017 
019 
'021 
024 
02S 


o 
0 
0 
0 
000 
0 
0 
0 
0 
0 
0 
04 
06 
"cc 
010 
Vcc 
Vcc 
014 
Ycc 
018 
020 
023 
027 
029 


o 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


DO 
Vcc 
Vss 
Vss 
Vss 
Vss 
Vss 
Vss 
Vcc 
022 
026 
031 
REAO'i' 


02~ 
BT\?RM £LOA 


METAL LID 
o 


030 


o Q 
"cc 
. ADS 


o 
0 
"ss 
Vcc 


o 
0 


Vss 
"cc 


o 
0 


Vss 
m 


o 
0 


"ss 
VCC 


o 
0 


Vss 
Vcc 


o 
0 
0_ 
A30 
BREQ 
O/C 


o 
0 
o., 


A28 
A29 
LOCK 


o 
HOLD 


o 


l5MA 


o 
A26 
o 
A23 
o 
0 
A22 
A2S 


o 
9'E1 
o 
!ID;ST 


0_ 
OTIA 
o., 


WArT 


o 
A31 
o 
A27 


o 
000 
N:: 
I!'Ol'!' 
03 
OS 


o 
000 
I'Af[ STEST 
01 
02 
o 
0 
0 
0 
NC 
N:: 
ONCE 
NC 
000 
NC 
NC 
NC 


o 
0 
!5Iffilj~ 


o 


DAOO 


EOP~ 
0 
Vcc 


o 


EOP/fCi 
000 
EOP/rC2 PCLK2 
CLKIN 


000 
EOP~ 
PCLKl 
CLKMODE 


.s: .o, 
0 
0 
0 
XINTl 
XlNTO 
XiNf4 
~ 
YCC 


REs<{r 
XI~3 x& 
2 
B 
o 
AS 
000 
A1S 
A17 
A1B 


A 
BeD 
E 
F 
G 
H 
J 
K 
L 
M 
N 
P 
Q 
R 
S 


o 
IIss 
o 
A13 


000 
vcc 
A20 
A24 


000 
A16 
A19 
A21 


270727-4 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


16 


17 
o 
A8 
o 
A9 
o 
0 
Al0 
All 
o 
0 
A12 
A14 


Figure 4b. 80960CA PGA Plnout (View from Bottom Side) 
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3.3.2 80960CA 
PQFP Plnout 


Tables 
7 and 
8 list the 
80960CA 
pin names 
with 
package 
location. 


See 
Section 
4.0, 
Electrical 
Specifications 
for 
specifications 
and recommended 
connections. 


Table 7. Pin Name with 
Package 
Location 


Address 
Bus 
Data Bus 
Bus Control 
Processor 
Control 
1/0 


Name 
.. Location 
Name 
.. Location 
Name 
.. Location 
Name ........ 
Location 
Name 
.. Location 


A31 
........ 
153 
D31 ........ 
186 
BE3 ........ 
176 
RESET 
........... 
091 
DREQ3 
..... 
060 


A30 
........ 
152 
D30 
........ 
187 
BE2 ........ 
175 
DREQ2 
..... 
059 


A29 
........ 
151 
D29 .. : ..... 
188 
BE1 ........ 
172 
FAIL 
............. 
045 
DREQ1 
..... 
058 


A28 
........ 
145 
D28 ........ 
189 
BEO ........ 
170 
DREQO ..... 
057 


A27 
........ 
144 
D27 ........ 
191 
STEST 
........... 
046 


A26 
........ 
143 
D26 
........ 
192 
W/R ........ 
164 
DACK3 
..... 
065 


A25 
........ 
142 
D25 
........ 
194 
ONCE ............ 
043 
DACK2 
..... 
064 


A24 
........ 
141 
D24 ........ 
195 
ADS ........ 
17B 
DACK1 
..... 
063 


A23 
........ 
139 
D23 ........ 
003 
CLKIN ............ 
OB7 
DACKO ..... 
062 


A22 
........ 
13B 
D22 ........ 
004 
READy 
..... 
1B2 
CLKMODE 
........ 
OB5 


A21 
........ 
137 
D21 ........ 
005 
BTERM 
..... 
1B4 
PCLK1 
........... 
078 
EOP ITC3 
... 069 


A20 
........ 
136 
D20 ........ 
006 
PCLK2 
........... 
074 
EOP ITC2 
... 06B 


A19 
........ 
134 
D19 ........ 
OOB 
WAIT ....... 
162 
EOP ITCT ... 067 


A18 
........ 
133 
D1B ........ 
009 
BLAST ...... 
169 
Vss 
EOP ITCO ... 066 


A17 
........ 
132 
D17 
........ 
010 
Location 


A16 
........ 
130 
D16 
........ 
011 
DT/R 
....... 
163 
2,7,16,24,30,3B, 
XINT7 
...... 
107 


A15 
........ 
129 
D15 
........ 
013 
DEN ........ 
167 
39, 49, 56, 70, 75, 
XINT6 
...... 
106 


A14 
........ 
12B 
D14 ........ 
014 
77, B1, B3, BB, B9, 


XINT5 
...... 
102 
92,9B, 
105, 109, 110, 
A13 
........ 
124 
D13 
........ 
015 
LOCK 
...... 
156 
121,125,131,135, 
XINT4 
...... 
101 


A12 
........ 
123 
D12 
........ 
017 
147,150,161,165, 
XINT3 
...... 
100 
173,174, 
1B5, 196 
A11 
........ 
122 
D11 
........ 
01B 
HOLD 
...... 
1B1 
XINT2 
...... 
095 


A10 
........ 
120 
D10 
........ 
019 
HOLDA 
..... 
179 
Vcc 
XINT1 
...... 
094 


A9 
......... 
119 
D9 ......... 
021 
BREQ 
...... 
155 
Location 
XINTO ...... 
093 


AB ......... 
11B 
DB ......... 
022 
1,12,20,2B, 


A7 
......... 
117 
D7 ......... 
023 
Die 
........ 
159 
32,37,44, 
50, 
NMI ........ 
108 


A6 
......... 
116 
D6 ......... 
025 
DMA 
....... 
160 
61,71,72,79, 
B2, 96, 99, 103, 
A5 
......... 
114 
D5 ......... 
026 
SOP ........ 
15B 
115,127,140, 
14B, 


A4 
......... 
113 
D4 ......... 
027 
154, 16B, 171, 1BO, 
190 


A3 
......... 
112 
D3 ......... 
033 
BOFF ....... 
040 
No Connect 


A2 
......... 
111 
D2 ......... 
034 
Location 


D1 ......... 
035 
29,41,42,47, 
48, 51, 52, 53, 
54, 55, 73, 76, 
BO,B4, B6, 90, 97, 
104, 126, 146, 149, 157, 
166, 177, 1B3, 193 


DO ......... 
036 
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11 
Ulb 
12 
VCC 
13 
015 
14 
014 
15 
013 
16 
VSS 
17 
012 
18 
011 
19 
010 
20 
VCC 
21 
09 
22 
08 
23 
07 
24 
VSS 
25 
06 
26 
05 
27 
04 
28 
VCC 
29 
NC 
30 
VSS 
31 
NC 
32 
VCC 
33 
03 
34 
02 
35 
01 
36 
DO 
37 
VCC 
38 
Vss 
39 
VSS 
40 
BOFF 
41 
NC 
42 
NC 
43 
ONCE 
44 
VCC 
45 
FAIL 
46 
STEST 
47 
NC 
48 
NC 
49 
Vss 


60 
DREQ3 
61 
VCC 
62 
OACKO 
63 
OACK1 
64 
OACK2 
65 
OACK3 
66 
EOPO/TCO 
67 
EOP1/TC1 
68 
EOP2/TC2 
69 
EOP3/TC3 
70 
VSS 
71 
VCC 
72 
Vcc 
73 
NC 
74 
PCLK2 
75 
Vss 
76 
NC 
77 
VSS 
78 
PCLK1 
79 
VCC 
80 
NC 
81 
VSS 
82 
VCC 
83 
Vss 
84 
NC 
85 
CLKMOOE 
86 
NC 
87 
CLKIN 
88 
VSS 
89 
VSS 
90 
NC 
91 
RESET 
92 
VSS 
93 
XINTO 
94 
XINT1 
95 
XINT2 
96 
VCC 
97 
NC 
98 
Vss 


109 
VSS 


110 
VSS 


111 
A2 
112 
A3 
113 
A4 


114 
A5 


115 
VCC 


116 
A6 


117 
A7 


118 
A8 


119 
A9 


120 
A10 


121 
VSS 
122 
A11 


123 
A12 
124 
A13 
125 
Vss 
126 
NC 
127 
Vcc 
128 
A14 


129 
A15 
130 
A16 
131 
VSS 
132 
A17 
133 
A18 
134 
A19 
135 
VSS 
136 
A20 
137 
A21 
138 
A22 
139 
A23 
140 
VCC 
141 
A24 
142 
A25 
143 
A26 
144 
A27 
145 
A28 
146 
NC 
147 
VSS 
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158 
SUP 
159 
O/C 
160 
OMA 
161 
VSS 
162 
WAIT 
163 
OT/R 
164 
W/R 
165 
VSS 
166 
NC 
167 
DEN 
168 
VCC 
169 
BLAST 


170 
BEO 


171 
VCC 
172 
BE1 
173 
VSS 
174 
VSS 
175 
BE2 
176 
BE3 
177 
NC 
178 
ADS 
179 
HLOA 
180 
VCC 


181 
HOLD 
182 
READY 
183 
NC 
184 
BTERM 
185 
Vss 
186 
031 
187 
030 
188 
029 
189 
028 
190 
Vcc 
191 
027 
192 
026 
193 
NC 


194 
025 


195 
024 
196 
VSS 


inter 
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98 
50 


99 


147 


148 
196 


Figure 4c. 80960CA PQFP Plnout (View from Top Side) 
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3.4. Mechanical Data 


3.4.1 CERAMIC 
PGA PACKAGE 
I 
., 


\lI1.65 
@ @ @ @ @ @ e @ @ @ @ @ @ @ @ @ @ 


R~@@@@@@@@@@@@@@@@@ 


~@@@@@@@@@@@@@@@@@ 


T 
@@@ 
@@@ 


@@@ 
@@@ 


@@@ 
-- 
@@@ 
@@@ 
@@@ 
e e e 
( 
\ 
e e e 
e e e 
,@@@ 
D 


@@@ 
@@@ 


PIN C3~ 
@ @ @ 
,./ 
e e e 
@@@ 
@@@ 
m 


o@@@@ 


@ 
@ 
@@@ 


@@O@@@@@@@@@@@H@:@ 
@@@@@@@@@@@@@@@o@ 


~@@@@@@@@@@@@@@@o@ 
r- 


2.29 REF 
1.52 
. 


450 CHAMFER 
(INDEX CORNER) 


SWAGGED~ 


PIN 
(4 PL) 


fe, 
---------- .,----- 


SEATING 
PLANE~ 
ea (ALL PINS) I 
F~ 


SWAGGED 
PIN 
DETAIL 


270727-52 


Family: Ceramic 
Pin Grid Array Package 


Symbol 
Mllllmeters 
Inches 


Mln 
Max 
Notes 
Mln 
Max 
Notes 


A 
3.56 
4.57 
0.140 
0.180 


A, 
0.64 
1.14 
SOLID LID 
0.025 
0.045 
SOLID LID 


A2 
23 
0.30 
SOLID LID 
0.110 
0.140 
SOLID LID 


A3 
1.14 
1.40 
0.045 
0.055 


B 
0.43 
0.51 
0.017 
0.020 


D 
44.07 
44.83 
1.735 
1.~5 


D, 
40.51 
40.77 
1.595 
1.605 
e, 
2.29 
2.79 
0.090 
0.110 


L 
2.54 
3.30 
0.100 
0.130 


N 
168 
168 


S, 
1.52 
2.54 
0.060 
0.100 


ISSUE 
IWS 
REVX 
7/15/88 


Figure 5. 168 Lead Ceramic 
PGA Package 
Dimensions 
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Table 9. Ceramic 
PGA Package 
Dimension 
Symbols 


" 


Letter 
or 
Description 
of Dimensions 
Symbol 
.~ 


A 
Distance 
from seating plane to highest point of body 


A1 
Distance 
between 
seating plane and base plane (lid) 


A2 
Distance from base plane to highest point of body 


A3 
Distance from seating plane to bottom of body 
~ 


B 
Diameter 
of terminal 
lead pin 
I 


0 
Largest overall package 
dimension 
of length 


01 
A body length dimension, 
outer lead center to outer lead center 


e1 
Linear spacing between 
true lead position 
centerlines 


L 
Distance from seating plane to end of lead 


S1 
Other body dimension, 
outer lead center to edge of body 


NOTES: 
1. Controlling dimension: millimeter. 
2. Dimension "a-" 
("e") is non-cumulative. 


3. Seating plane (standoff) is defined by P.C. board hole size: 0.0415-0.0430 inch. 
4. Dimensions "S", "S1" and "C" are nominal. 
5. Details of Pin 1 identifier are optional. 
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I ~ 
I.IO·L.IO 
\ .t)IOOJI.!!V 
IC!AW-tH.~ 
IUW! 
C- SEATING 
PLANE 
o 0.10 
<'004) 


270727-54 


mm (inch) 


Figure 6. Principal Dimensions 
and Datums 


~ 


D2 
~ 
0.25 
(.010)@ 
C A®-B®ID®l& 


-L 
.002 MM/MM (IN/IN) 
A-B 


l;-SEE 
DETAIL 
M 
J--:p~~~~,_»)) 
- 
- 
1.91 (.075) 
MAX TYP 


~ 10.25 (.010)@ 
ICIA®-B® 
ID® I 


-L1.002 
MM/MM (IN/IN) 
101 


~ 10.25 (.010)@ ICIA®-B® 
ID®lA 


-L 
.002 MM/MM (IN/IN) 
101 
270727-55 
mm (inch) 


Figure 7. Molded 
Details 
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t 
1.32 
(.052) 
1.22 <'048) 
0.90 
<'035) 
MIN . .J 


2.03 
<'080)-1 


1. 93 (.076) 


1.32 
1.22 


-~--D2 
----I 


mm (inch) 


Figure 8. Detail M 
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-It-l 8 .s 35 
'8.825) 
I 


11 
I 


y 


11 
:r 
\ I ~ "- 
SEE OETAIL L 
~-J 


SEE OETAIL J 


04/£4 


DIE 
270727-56 
mm (inch) 
.. 


Figure 9. Terminal 
Details 


1~18.13 
Lls5)@lcIA(j)-e®ID®1M 


8 OEG. 
S OEG. 
270727-57 
Detail J 
Detail L 
mm (inch) 


Figure 10. Typical 
Lead 


Table 10. PQFP Package 
Dimension 
Symbols 


Symbol 
Description 
Mln 
Max 
Mln 
Max 


N 
Leadcount 
196 
196 


A 
Package 
Height 
0.160 
0.170 
4.06 
4.32 


A1 
Standoff 
0.020 
0.030 
0.51 
0.76 


D,E 
Terminal 
Dimension 
1.475 
1.485 
37.47 
37.72 


D1, E1 
Package 
Body 
1.347 
1.353 
34.21 
34.37 


D2, E2 
Bumper Distance 
1.497 
1.503 
38.02 
38.18 


D3,E3 
Lead Dimension 
1.200 REF 
30.48 REF 


D4, E4 
Foot Radius Location 
1.423 
1.437 
36.14 
36.49 


L1 
Foot Length 
0.020 
0.030 
0.51 
0.76 


Dimension 
INCH 
mm 


NOTES: 
1. All dimensions 
and tolerances 
conform 
to ANSI Y14.5M·1982. 
2. Datum 
plane -H- located 
at the mold parting 
line and coincident 
with the bottom 
of the lead where 
lead exits plastic 
body. 


3. Datums 
A-S and -D- to be determined 
where 
center 
leads exit plastic 
body at datum 
plane -H-. 


4. Controlling 
Dimension, 
Inch. 


5. Dimensions 
D1, D2, E1 and 
E2 are measured 
at the 
mold 
parting 
line. 
D1 and 
E1 do not include 
an allowable 
mold 
protrusion 
of 0.18 mm (0.007 
in) per side. D2 and E2 do not include 
a total allowable 
mold protrusion 
of 0.18 mm (0.007 
in) 


at maximum 
package 
size. 


6. Pin 1 identifier 
is located 
within 
one of the two zones 
indicated. 


7. Measured 
at datum 
plane -H-. 


8. Measured 
at seating 
plane datum 
-Co. 
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3.5. Package Thermal Specifications 


The 
80960CA 
is specified 
for 
operation 
when 
TC 


(the case temperature) 
is within 
the range 
of O'C- 
100'C. 
Tc may be measured 
in any environment 
to 
determine 
whether 
the 80960CA 
is within 
specified 
operating 
range. 
The case 
temperature 
should 
be 
measured 
at the center of the top surface, 
opposite 


the pins. Refer to Figure 11. 


TA 
(the 
ambient 
temperature) 
can 
be 
calculated 
from 8CA (thermal 
resistance 
from case to ambient) 
with the following 
equation: 


Table 
11 shows the maximum 
TA allowable 
(without 


exceeding 
Tcl at various 
airflows 
and operating 
fre- 


quencies 
(fpCLK). 


Note that TA is greatly improved 
by attaching 
fins or 


a heat sink to the package. 
P (the maximum 
power 


consumption) 
is calculated 
by using the 
maximum 


Icc as tabulated 
in Section 
4.4, DC Characteristics, 


and vcc of 5V. 


Table 
11. Maximum 
TA at Various 
Airflows 
In 'c (PGA Package 
Only) 


Alrflow-ft/mln 
(m/sec) 


fpCLK 
0 
200 
400 
600 
800 
1000 
(MHz) 
(0) 
(1.01) 
(2.03) 
(3.04) 
(4.06) 
(5.07) 


TA 
33 
64 
75 
84 
86 
89 
90 
with 
25 
70 
79 
87 
88 
91 
92 


Heat Sink' 
16 
80 
86 
91 
92 
94 
95 


TA 
33 
53 
61 
69 
75 
80 
81 


without 
25 
61 
68 
75 
79 
84 
85 
Heat Sink 
16' 
74 
79 
83 
86 
89 
90 
. . 
, 0.285" high Unidirectional 
heat Sink (AI alloy 6061, 50 mil fin width, 150 mil center-to-center fin spacing) . 


PGA Thermal 
Reslstance-'C/Watt 


Alrflow-ft./mln 
(m/sec) 


Parameter 
0 
200 
400 
600 
800 
1000 
(0) 
(1.01) 
(2.03) 
(3.07) 
(4.06) 
(5.07) 
'Jo 


8 Junction-to-Case 
'J pinf:::l. 
'Jc 
(Case Measured 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
as shown in Figure 13) 
I 
'J cop 
1 
8 Case-to-Ambient 
17 
14 
11 
9 
7.1 
6.6 
UUU 
UUU 
(No Heatsink) 


8 Case-to-Ambient 
270727-59 


(with Unidirectional) 
13 
9 
5.5 
5.0 
3.9 
3.4 


Heatsink)" 


NOTES: 
1. This table 
applies 
to 80960CA PGA plugged 
into socket 
or soldered 
directly 
into board. 
2. 8jA = 8jC + 8CA. 
3. 8j.CAP = 4'C/W 
(approx.) 


8j.PIN = 4'C/W 
(inner pins) (approx.) 


8j.PIN = 8'C/W 
(outer pins) (approx.) 
. 


• 0.285" high unidirectional 
heat sink (AI alloy 6061, 50 mil fin width, 150 mil 
csnter-to-center 
fin spacing). 


Figure 11. 80960CA PGA Package Thermal Characteristics 
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PQFP Thermal 
Reslstance-'C/Watt 


Alrflow-ft.lmln 
(m/sec) 


Parameter 
0 
50 
100 
200 
400 
600 
800 
(0) 
(0.25) 
(0.50) 
(1.01) 
(2.03) 
(3.04) 
(4.06) 


9 Junction-to-Case 
(Case Measured) 
5 
5 
5 
5 
5 
5 
5 
as shown in Figure 13) 


9 Case-to-Ambient 
17 
18 
17 
15 
12 
10 
9 
(No Heatsink) 


NOTES: 
1. This table applies 
to B0960CA 
PQFP soldered 
directly 
into board. 


2. 8JA = 8JC + 8CA· 
3. 8JL = 1B'C/Wat! 
8JB = 1B'C/Wat! 
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Figure 
12. 80960CA 
PQFP Package 
Thermal 
Characteristics 


MEASURE PGA CASE TEMPERATURE 
AT CENTER Of TOP SURfACE 
MEASURE PQfP 
TEMPERATURE AT 
CENTER Of TOP SURfACE 
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Figure 
13. Measuring 
80960CA 
PGA and PQFP Case Temperature 


4-62 


80960CA-40, -33, -25, -16 


4.0 ELECTRICAL SPECIFICATIONS 


4.1. Absolute Maximum Ratings 


Parameter 
Maximum Rating 


Storage Temperature 
-65·Cto 
+150·C 
Case Temperature Under Bias 
-65·C 
to + 110·C 
Supply Voltage wrt. vss 
-0.5Vto 
+6.5V 
Voltage on Other pins wrt Vss 
-0.5Vto vcc +0.5V 


NOTICE: This data sheet contains preliminary infor- 
mation on new products in production. The specifica- 
tions are subject to change without notice. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 
tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


4.2. Operating Conditions 


Operating 
Conditions 
(80960CA-40, 
-33, -25, -16) 


Symbol 
Parameter 
Mln 
Max 
Units 
Notes 


Vcc 
Supply Voltage 
4.5 
5.5 
V 


fCLK2x 
Input Clock Frequency (z-x Mode) 
80960CA-40 
0 
80 
MHz 
80960CA-33 
0 
66 
MHz 
80960CA-25 
0 
50 
MHz 
80960CA-16 
0 
32 
MHz 


fCLK1x 
Input Clock Frequency (t-x Mode) 
80960CA-40 
8 
40 
MHz 
80960CA-33 
8 
33 
MHz 
80960CA-25 
8 
25 
MHz 
(1) 
80960CA-16 
8 
16 
MHz 


Tc 
Case Temperature Under Bias 
80960CA-40, -33, -25, -16 
0 
100 
·C 


NOTE: 
(1) When in the t-x input clock mode, CLKIN is an input to an internal phase-locked loop and must maintain a minimum 
frequency of 8 MHz for proper processor operation. However, in the t-x Mode, CLKIN may still be stopped when the 
processor either is in a reset condition or is reset. If CLKIN is stopped, the specified RESET low time must be provided once 
CLKIN restarts and has stabilized. 


4.3. Recommended Connections 


Power 
and 
ground 
connections 
must 
be made 
to 
multiple vcc and Vss (GND) pins. Every 80960CA- 
based circuit board should include 
power (VcC> and 
ground 
(VSS) planes 
for 
power 
distribution. 
Every 
VCC pin must be connected 
to the power plane, and 
every 
VSS pin 
must 
be connected 
to the 
ground 
plane. 
Pins identified 
as "N.C." 
must 
not 
be con- 
nected 
in the system. 


Liberal 
decoupling 
capacitance 
should 
be 
placed 
near the 80960CA. 
The processor 
can cause 
tran- 
sient power 
surges 
when 
its numerous 
output 
buff- 
ers transition, 
particularly 
when 
connected 
to large 
capacitive 
loads. 


Low 
inductance 
capacitors 
and 
interconnects 
are 


recommended 
for best high frequency 
electrical 
per- 


formance. 
Inductance 
can be reduced 
by shortening 


the board traces 
between 
the processor 
and decou- 


pling 
capacitors 
as much 
as possible. 
Capacitors 
specifically 
designed 
for PGA packages 
will offer the 
lowest 
possible 
inductance. 


For reliable 
operation, 
always 
connect 
unused 
in- 


puts to an appropriate 
si~ 
level. In particular, 
any 
unused 
interrupt 
(XINT, NMI) or DMA (DREQ) 
input 


should be connected 
to VCC through 
a pull-up resis- 


tor, as should 
STERM 
if not used. Pull-up resistors 
should 
be in the range 
of 20 KO for each 
pin tied 
high. If READY 
or HOLD are not used, the unused 
input 
should 
be 
connected 
to 
ground. 
N.C. 
pins 
must 
always 
remain 
unconnected. 
Refer 
to the 
80960CA 
User's 
Manual for more information. 


NOTICE: 
The information 
in this datasheet 
is a preliminary 
version Of expected 
device 
performance. 
This 
information 
is subject 
to change 
without notice. 
Once qualification 
information 
corresponding 
to a production 
device 
is available, 
an updated 
datasheet 
will be published 
to supercede 
this document. 
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4.4. D.e. Specifications 


D.C. Characteristics 
(80960CA-40, 
-33, -25, -16 under the conditions 
described 
in Section 
4.2, Operating 
Conditions.) 


Symbol 
Parameter 
Mln 
Max 
Units 
Notes 


Vll 
Input Low Voltage for all pins except RESET 
-0.3 
0.8 
V 


VIH 
Input High Voltage for all pins except RESET 
2.0 
vcc + 0.3 
V 


VOl 
Output Low Voltage 
0.45 
V 
IOl =5 
mA 


VOH 
Output High Voltage 
IOH = 
-1mA 
2.4 
V 
IOH = 
-200p.A 
vcc - 
0.5 
V 


VllR 
Input Low Voltage for RESET 
- 
0.3 
1.5 
V 


VIHR 
Input High Voltage for RESET 
3.5 
VCC + 0.3 
V 


VRH 
Input Hysterisis 
on RESET 
0.35 
0.65 
V 


IU1 
Input Leakage Current for each pin except 
STERM, ONCE, DRE03:0, 
EOP3:0/TC3:0, 
NMI, XINT7:0, 
READY, HOLD, SOFF 
±15 
p.A 
OV~VIN~VCC 
(1) 


IU2 
Input Leakage Current for: 
STERM, ONCE, DREQ3:0, 
EOP3:0/TC3:0, 
NMI, XINT7:0, 
READY, SOFF 
0 
300 
p.A 
VIN = 0.45V (2) 


IU3 
Input Leakage Current for: 
READY, HOLD 
0 
500 
p.A 
VIN = 2.4V (3) 


ILO 
Output Leakage Current 
±15 
p.A 
0.45V~VOUT~VCC 


ICC 
Supply Current (A80960CA-40) 


IcC 
1200 
mA 
(4) 


ICC 
Supply Current (A80960CA-33) 


IcC 
I' 
900 
mA 
(4) 


ICC 
Supply Current (80960CA-25) 


ICC 
700 
mA 
(4) 


ICC 
Supply Current (80960CA-16) 


ICC 
500 
mA 
(4) 


IONCE 
ONCE-mode 
Supply Current 
100 
mA 


CIN 
Input Capacitance 
for: 


CLKIN, RESET, ONCE, 
READY, HOLD, DREQ3:0, 
SOFF 
XINT7~O, NMI, STERM, CLKMODE 
0 
12 
pF 
FC = 1 MHz 


COUT 
Output Capacitance 
of each output pin 
12 
pF 
FC = 
1 MHz, (5) 


CIIO 
110 Pin Capacitance 
12 
pF 
Fc = 1 MHz 


NOTES: 
(1) No Pull-up or pull-down. 
(2) These 
pins have internal 
pullup 
resistors. 
(3) These 
pins have internal 
pulldown 
resistors. 
(4) Measured 
at worst case frequency, vcc and temperature, 
with device 
operating 
and outputs 
loaded 
to the test conditions 
described 
in Section 
4.5.2, A.C. Test 
Conditions. 
(5) Output 
Capacitance 
is the capacitive 
load of a floating 
output 
pin. 
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4.5. A.C. Specifications 


4.5.1. A.C. SPECIFICATION 
TABLES 
A.C. Characteristics 
- 
80960CA-40 
(80960CA-40 
only, under the conditions 
described 
in Section 
4.2, Operating 
Conditions 
and Section 
4.5.2, 
A.C. Test 
Conditions.) 


Symbol 
Parameter 
Mln 
Max· 
Units 
Notes 


INPUT CLOCK(10) 


TF 
CLKIN Frequency 
0 
80 
MHz 
(1) 


'Tc 
CLKIN Period 
In One-X Mode (fCLK1x) 
25 
125 
ns 
(1,12) 
In Two-X Mode (fCLK2xl 
12.5 
00 
ns 
(1) 


Tes 
CLKIN Period Stability 
In One-X Mode (fCLK1x) 
±0.1% 
A 
(1,13) 


TCH 
CLKIN High Time 
In One-X Mode (fCLK1xl 
5 
62.5 
ns 
(1,12) 
In Two-X Mode (fCLK2x) 
5 
00 
ns 
(1) 


TCL 
CLKIN Low Time 
In One-X Mode (fCLK1xl 
5 
ns 
(1,12) 
In Two-X Mode (fCLK2x) 
5 
00 
ns 
(1) 


TCA 
CLKIN Rise Time 
0 
6 
ns 
(1) 


TCF 
CLKIN Fall Time 
0 
6 
ns 
(1) 


OUTPUT 
CLOCKS(9) 


Tcp 
CLKIN to PCLK2:1 Delay 
In One-X Mode (fCLK1x) 
-2 
2 
ns 
(1,3,13) 
In Two-X Mode (fCLK2x) 
2 
25 
ns 
(1,3) 


T 
PCLK2:1 Period 
In One-X Mode (fCLK1x) 
Tc 
ns 
(1,13) • 


In Two-X Mode (fCLK2x) 
2Tc 
ns 
(1,3) 


TpH 
PCLK2:1 High Time 
(T/2)-2 
T/2 
ns 
(1,13) 


TpL 
PCLK2:1 Low Time 
(T/2)-2 
T/2 
ns 
(1,13) 


TpA 
PCLK2:1 Rise Time 
1 
4 
ns 
(1,3) 


TpF 
PCLK2:1 Fall Time 
1 
4 
ns 
(1,3), 


SYNCHRONOUS 
OUTPUTS(9) 


Tov 
Output Valid Delay, Output Hold 
(6,11) 
TOH 
TOV1' TOH1 
A31:28 
3 


l , 
12 
ns 
TOV2' TOH2 
A27:4 
3 
12 
ns 
TOV3, TOH3 
A3:2 
3 
12 
ns 
TOV4' TOH4 
BE3:0 
3 
14 
ns 
TOV5, TOH5 
ADS 
6 
16 
ns 
TOV6, TOH6 
W/R 
3 
16 
ns 
TOV7, TOH7 
D/C,~UP,DMA 
4 
14 
ns 
TOV8, TOH8 
BLA 
T,WAIT 
6 
14 
ns 
TOV9, TOH9 
DEN 
3 
14 
ns 
TOV10, TOH10 
HOLDA, BREQ 
4 
14 
ns 
TOV11, TOH11 
LOCK 
4 
14 
ns 
TOV12' TOH12 
DACK3:0, 
EOP3:0/TC3:0 
4 
16 
ns 
TOV13, TOH13 
031:0 
3 
14 
ns 
TOV14' TOH14 
DT/R 
T/2 + 3 
T/2 + 12 
ns 


TOF 
Output Float for all outputs 
3 
22 
ns 
(6) 


SYNCHRONOUS 
INPUTS(10) 


TIS 
Input Setup 
TIS1 
031:0 
3 
ns 
(1,11 ) 
TIS2 
BOFF, READY, BTERM 
7 
ns 
(1,11) 
TIS3 
HOLD 
7 
ns 
(1,11 ) 


TIH 
Input Hold 
TIH1 
D31:0 
3 
ns 
(1,11) 
TIH2 
BOFF, READY, BTERM 
3 
ns 
(1,11 ) 
TIH3 
HOLD 
3 
ns 
(1,11 ) 
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A.C. Characteristics 
- 
80960CA-40 
80960CA·40 
only, under the conditions 
described 
in Section 
4.2, Operating 
Conditions 
and Section 
4.5.2, 
A.C. Test 
Conditions.) 
(Continued) 


Symbol 
Parameter 
Mln 
Max 
Units 
Notes 


RELATIVE 
OUTPUT 
TIMINGS(9,7) 


TAVSH1 
A31:2 Valid to ADS Rising 
T-4 
T+4 
ns 


TAVSH2 
BE3:0, W IR, SUP, DIG, 
DMA, DACK3:0 Valid to ADS Rising 
T-6 
T+6 
ns 


TAVEL1 
A31:2 Valid to DEN Falling 
T-4 
T+4 
ns 


TAVEL2 
BE3:0, W/R, 
SUP, INST, 
DMA, DACK3:0 Valid to DEN Falling 
T-6 
T+6 
ns 


TNLOV 
WAIT Falling to Output Data Valid 
±4 
ns 


TDVNH 
Output Data Valid to WAIT Rising 
N*T-4 
2N*T 
+ 4 
ns 
(4) 


TNLNH 
WAIT Falling to WAIT Rising 
N*T±4 
ns 
(4) 


TNHOX 
Output Data Hold after WAIT Rising 
N*T-4 
N*T+4 
ns 
(5) 


TEHOX 
Output Data Hold after DEN Rising 
-6 
00 
ns 
(6) 


TEHTV 
DT IR Hold after DEN High 
T/2 - 4 
00 
ns 
(6) 


TTVEL 
DT IR Valid to DEN Falling 
T/2 - 4 
T/2 + 4 
ns 
(7) 


TDTS 
Outputs Valid to Tristate 
T/2 
T/2 + 10 
ns 
(7) 


TTSD 
Tristate to Outputs Valid 
T/2 
T/2 + 10 
ns 
(7) 


RELATIVE 
INPUT TIMINGS(7) 


TIS4 
RESET Input Setup 
4 
ns 
(8) 


TIH4 
RESET Input Hold 
't 
3 
ns 
(8) 


TIS5 
DREQ3:0 
Input Setup 
10 
ns 
(8) 


TIH5 
DREQ3:0 
Input Hold 
5 
ns 
(8) 


NOTES: 
(1) See Section 4.5.3, A.C. Timing Waveforms for waveforms and definitions. 
(2) See Figure 20 for capacitive derating information for output delays and hold times. 
(3) See Figure 21 for capacitive derating information for rise and fall times. 
(4) Where N is the number of wait states that are inserted by the Bus Controller Region Table. When there are no wait 
states in an access, WAIT never goes active. 
(5) N = Number of wait states inserted with READY. 
(6) Output Data andlor DTlA may be driven indefinitely following a cycle if there is no subsequent bus activity. 
(7) See Notes 1, 2, and 3. 
(8) Since asynchronous inputs are synchronized internally by the 80960CA they have no required setup or hold times in 
order to be recognized and for proper operation. However, in order to guarantee recognition of the input at a particular rising 
edge of PCLK2:1 the setup times shown must be met. Asynchronous inputs must be active for at least two consecutive 
PCLK2:1 rising edges to be seen by the processor. 
(9) These specifications are guaranteed by the processor. 
(10) These specifications must be met by the system for proper operation of the processor. 
(11) This timing is dependent upon the loading of PCLK2:1. Use the derating curves of Section 4.5.3 to adjust the timing for 
PCLK2:1 loading. 
(12) In the One-x input clock mode the maximum input clock period is limited to 125 ns while the processor is operat ng. 
When the processor is in reset, the input clock may stop even in One-x mode. 
(13) When in the One-x input clock mode, these specifications assume a stable input clock with a period variation of less 
than ± 0.1% between adjacent cycles. 
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A.C. Characteristics 
- 
80960CA·33 
(80960CA-33 
only. under the conditions 
described 
in Section 
4.2, Operating 
Conditions 
and Section 
4.5.2, 
A.C. Test 
Conditions.) 


Symbol 
Parameter 
Mln 
Max 
Units 
Notes 


INPUT CLOCK(10) 


TF 
CLKIN Frequency 
0 
66 
MHz 
(1) 


Tc 
CLKIN Period 
In One-X Mode (fCLK1x) 
30.3 
125 
ns 
(1.12) 
In Two-X Mode (fCLK20 
15.15 
00 
ns 
(1) 


Tcs 
CLKIN Period Stability 
In One-X Mode (fCLK1x) 


" 
±0.1% 
A. 
(1.13) 


TCH 
CLKIN High Time 
In One-X Mode (fCLK1x) 
6 
62.5 
ns 
(1.12) 
In Two-X Mode (fCLK2x) 
6 
00 
ns 
(1) 


TCL 
CLKIN Low Time 
In One-X Mode (fCLK10 
6 
62.5 
ns 
(1.12) 
In Two-X Mode (fCLK20 
6 
00 
ns 
(1) 


TCR 
CLKIN Rise Time 
0 
6 
ns 
(1) 


TCF 
CLKIN Fall Time 
0 
6 
ns 
(1) 


OUTPUT 
CLOCKS(9) 


Tcp 
CLKIN to PCLK2:1 Delay 
In One-X Mode (fCLK10 
-2 
2 
ns 
(1.3.13) 


In Two-X Mode (fCLK2x) 
2 
25 
ns 
(1.3) 


T 
PCLK2:1 Period 
In One-X Mode (fCLK1x) 
Tc 
ns 
(1.13) 
In Two-X Mode (fCLK2x) 
. 2Tc 
ns 
(1.3) 


TpH 
PCLK2:1 High Time 
(T/2) 
- 
2 
T/2 
ns 
(1.13) 


TpL 
PCLK2:1 Low Time 
(T/2) 
- 
2 
T/2 
ns 
(1.13) 


TpR 
PCLK2:1 Rise Time 
1 
4 
ns 
(1.3) 


TpF 
PCLK2:1 Fall Time 
1 
4 
ns 
(1.3) 


SYNCHRONOUS 
OUTPUTS(8) 


Tov 
Output Valid Delay. Output Hold 
(6.11) 
TOH 
TOV1. TOH1 
A31:28 
3 
14 
ns 
TOV2. TOH2 
A27:4 
3 
14 
ns 
TOV3. TOH3 
A3:2 
3 
14 
ns 
TOV4. TOH4 
BE3:0 
3 
16 
ns 
TOV5. TOH5 
ADS 
6 
18 
ns 
TOV6. TOH6 
W/R 
3 
18 
ns 
TOV7. TOH7 
D/C.SUP.DMA 
4 
16 
ns 
TOV8. TOH8 
BLAST. WAIT 
6 
16 
ns 
TOV9. TOH9 
DEN 
3 
16 
ns 
ToV1O. TOH10 
HOLDA. BREQ 
4 
16 
ns 
TOV11. TOH11 
LOCK 
4 
16 
ns 
TOV12. TOH12 
DACK3:0. 
EOP3:0/TC3:0 
4 
18 
ns 
TOV13. TOH13 
031:0 
3 
16 
ns 
TOV14. TOH14 
DT/R 
T/2 + 3 
T/2 + 14 
ns 


TOF 
Output Float for all outputs 
3 
22 
ns 
(6) 


SYNCHRONOUS 
INPUTS(10) 


TIS 
Input Setup 
TIS1 
031:0 
3 
ns 
(1.11 ) 
TIS2 
SOFF. READY. STERM 
7 
ns 
(1.11 ) 
TIS3 
HOLD 
7 
ns 
(1.11 ) 


TIH 
Input Hold 
TIH1 
031:0 
3 
ns 
(1.11 ) 
TIH2 
BOFF. READY. STERM 
5 
ns 
(1.11 ) 
TIH3 
HOLD 
3 
ns 
(1.11 ) 
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A.C. Characteristics 
- 
80960CA-33 
80960CA-33 
only, under the conditions 
described 
in Section 4.2, Operating Conditions 
and Section 4.5.2, 
A.C. Test Conditions.) 
(Continued) 


Symbol 
Parameter 
Min 
Max 
Units 
Notes 


RELATIVE OUTPUT TIMINGS(9,7) 


TAVSHl 
A31:2 Valid to ADS Rising 
T-4 
T+4 
ns 


TAVSH2 
BE3:0, W/R, 
SUP, D/C, 
DMA, DACK3:0 
Valid to ADS Rising 
T-6 
T+6 
ns 


TAVELl 
A31:2 Valid to DEN Falling 
T-4 
T+4 
ns 


TAVEL2 
BE3:0, W/R, 
SUP,INST, 
DMA, DACK3:0 Valid to DEN Falling 
T-6 
T+6 
ns 


TNLOV 
WAIT Falling to Output Data Valid 
±4 
ns 


TOVNH 
Output Data Valid to WAIT Rising 
N*T-4 
2N*T 
+ 4 
ns 
(4) 


TNLNH 
WAIT Falling to WAIT Rising 
N*T 
± 4 
ns 
(4) 


TNHOX 
Output Data Hold after WAIT Rising 
N*T-4 
N*T+4 
ns 
(5) 


TEHOX 
Output Data Hold after DEN Rising 
-4 
00 
ns 
(6) 


TEHTV 
DTIR Hold after DEN High 
T/2 
- 
4 
00 
ns 
(6) 


TTVEL 
DT IR Valid to DEN Falling 
T/2 
- 
4 
T/2 
+ 4 
ns 
(7) 


TOTS 
Outputs Valid to Tristate 
T/2 
T/2 
+ 
10 
ns 
(7) 


TTSO 
Tristate to Outputs Valid 
T/2 
T/2 
+ 10 
ns 
(7) 


RELATIVE INPUT TIMINGS(7) 


TIS4 
RESET Input Setup 
6 
., 
ns 
(8) 


TIH4 
RESET Input Hold 
5 
ns 
(8) 


TIS5 
DREQ3:0 
Input Setup 
12 
ns 
(8) 


TIH5 
DREQ3:0 
Input Hold 
7 
ns 
(8) 


NOTES: 
(1) See Section 4.5.3, A.C. Timing Waveforms for waveforms and definitions. 
(2) See Figure 20 for capacitive derating information for output delays and hold times. 
(3) See Figure 21 for capacitive derating information for rise and fall times. 
, 


(4) Where N is the number of wait states that are inserted by the Bus Controller Region Table. When there are no wait 
states in an access, WAIT never goes active. 
(5) N = Number of wait states inserted with J1EAl)Y. 
(6) Output Data and/or OT/R may be driven indefinitely following a cycle if there is no subsequent bus activity. 
(7) See Notes 1, 2. and 3. 
(8) Since asynchronous inputs are synchronized internally by the 80960CA they have no required setup or hold times in 
order to be recognized and for proper operation. However, in order to guarantee recognition of the input at a particular rising 
edge of PCLK2:1 the setup times shown must be met. Asynchronous inputs must be active for at least two consecutive 
PCLK2:1 rising edges to be seen by the processor. 
(9) These specifications are guaranteed by the processor. 
(10) These specifications must be met by the system for proper operation of the processor. 
(11) This timing is dependent upon the loading of PCLK2:1. Use the derating curves of'Sectlon 4.5.3 to adjust the timing for 
PCLK2:1 loading. 
(12) In the One-x input clock mode the maximum input clock period is limited to 125 ns while the processor is operating. 
When the processor is in reset, the input clock may stop even in One-x mode. 
(13) When in the One-x input clock mode, these specifications assume a stable input clock with a period variation of less 
than ± 0.1% between adjacent cycles. 
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A.C. Characteristics 
- 
80960CA-25 
(80960CA·25 
only, under the conditions 
described 
in Section 
4.2, Operating 
Conditions 
and Section 
4.5.2, 
A.C. Test 
Conditions.) 


Symbol 
Parameter 
Mln 
Max 
Units 
Notes 


INPUT CLOCK(10) 


TF 
CLKIN Frequency 
0 
50 
MHz 
(1) 


Tc 
CLKIN Period 
In One-X Mode (fCLK1xl 
40 
125 
ns 
(1,12) 
In Two-X Mode (fCLK2xl 
20 
00 
ns 
(1) 


Tcs 
CLKIN Period Stability 
In One-X Mode (fCLK1X) 
±0.1% 
A 
(1,13) 


TCH 
CLKIN High Time 
In One-X Mode (fCLK1xl 
8 
62.5 
ns 
(1,12) 
In Two-X Mode (fCLK2xl 
8 
00 
ns 
(1) 


TCL 
CLKIN Low Time 
In One-X Mode (fCLK1xl 
8 
62.5 
ns 
(1,12) 
In Two-X Mode (fCLK2x) 
8 
00 
ns 
(1) 


TCR 
CLKIN Rise Time 
0 
6 
ns 
(1) 


TCF 
CLKIN Fall Time 
O' 
6 
ns 
(1) 


OUTPUT 
CLOCKS(9) 


Tcp 
CLKIN to PCLK2:1 Delay 
In One-X Mode (fCLK1x) 
-2 
2 
ns 
(1,3,13) 
In Two-X Mode (fCLK2x) 
2 
25 
ns 
(1,3) 


T 
PCLK2:1 Period 
In One-X Mode (fCLK1xl 
Tc 
ns 
(1,13) 
In Two-X Mode (fCLK2xl 
2Tc 
ns 
(1,3) 


TpH 
PCLK2:1 High Time 
(T/2)-3 
T/2 
ns 
(1,13) 


TpL 
PCLK2:1 Low Time 
(T/2) 
- 
3 
T/2 
ns 
(1,13) 


TpR 
PCLK2:1 Rise Time 
1 
4 
ns 
(1,3) 


TpF 
PCLK2:1 Fall Time 
1 
4 
ns 
(1,3) 


SYNCHRONOUS 
OUTPUTS(9) 


Tov 
Output Valid Delay, Output Hold 
(6,11) 
TOH 
TOV1' TOH1 
A31:28 
3 
16 
ns 
TOV2' TOH2 
A27:4 
3 
16 
ns 
TOV3, TOH3 
A3:2 
3 
16 
ns 
TOV4' TOH4 
BE3:0 
3 
18 
ns 
TOV5, TOH5 
ADS 
6 
20 
ns 
TOV6, TOH6 
, 


W/R 
3 
20 
ns 
TOV7, TOH7 
D/C,SUP,DMA 
4 
18 
ns 
TOV8, TOH8 
BLAST, WAIT 
6 
18 
ns 
TOV9, TOH9 
DEN 
3 
18 
ns 
TOV10, TOH10 
HOLDA, BREQ 
4 
18 
ns 
TOV11, TOH11 
LOCK 
4 
18 
ns 
TOV12' TOH12 
DACK3:0, 
EOP3:0/TC3:0 
4 
20 
ns 
TOV13, TOH13 
D31:0 
3 
18 
ns 
TOV14' TOH14 
DT/R 
T/2 + 3 
T/2 + 16 
ns 


TOF 
Output Float for all outputs 
3 
22 
ns 
(6) 


SYNCHRONOUS 
INPUTS(10) 


TIS 
Input Setup 
TIS1 
D31:0 
5 
ns 
(1,11) 
TIS2 
BOFF, READY, BTERM 
9 
ns 
(1,11) 
TIS3 
HOLD 
9 
ns 
(1,11 ) 


TIH 
Input Hold 
TIH1 
D31:0 
5 
ns 
(1,11) 
TIH2 
~, 
READY, BTERM 
7 
ns 
(1,11 ) 
TIH3 
HOLD 
5 
ns 
(1,11 ) 
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80960CA-40, -33, -25, -16 


A.C. Characteristics 
- 
80960CA-25 
(80960CA-25 
only, under the conditions 
described 
in Section 
4.2, Operating 
Conditions 
and Section 
4.5.2, 
A.C. Test 
Conditions.) 
(Continued) 


Symbol 
Parameter 
Mln 
Max 
Units 
Notes 


RELATIVE 
OUTPUT 
TIMINGS(9,7) 


TAVSHl 
A31:2 Valid to ADS Rising 
T-4 
T+4 
ns 


TAVSH2 
BE3:0, W/R, 
SUP, DIG, 
DMA, DAGK3:0 Valid to ADS Rising 
T-6 
T+6 
ns 


TAVEl1 
A31:2 Valid to DEN Falling 
T-4 
T+4 
ns 


TAVEL2 
BE3:0, W/R, 
SUP, INST, 
DMA, DAGK3:0 Valid to DEN Falling 
T-6 
T+6 
ns 


TNLOV 
WAIT Falling to Output Data Valid 
±4 
ns 


TDVNH 
Output Data Valid to WAIT Rising 
N*T-4 
2N*T 
+ 4 
ns 
(4) 


TNLNH 
WAIT Falling to WAIT Rising 
'N*T±4 
ns 
(4) 


TNHOX 
Output Data Hold after WAIT Rising 
N*T-4 
N*T+4 
ns 
(5) 


TEHOX 
Output Data Hold after DEN Rising 
-4 
oo 
ns 
(6) 


TEHTV 
DT IR Hold after DEN High 
T/2 - 4 
co 
ns 
(6) 


TTVEL 
DT IR Valid to DEN Falling 
T/2 - 4 
T/2 + 4 
ns 
(7) 


TDTS 
Outputs Valid to Tristate 
T/2 
T/2 + 10 
ns 
(7) 


TTSD 
Tristate to Outputs Valid 
T/2 
T/2 + 10 
ns 
(7) 


RELATIVE 
INPUT TIMINGS(7) 


TIS4 
RESET Input Setup 
8 
ns 
(7) 


TIH4 
RESET Input Hold 
7 
ns 
(7) 


TIS5 
DREQ3:0 
Input Setup 
14 
ns 
(7) 


TIH5 
DREQ3:0 
Input Hold 
9 
ns 
(7) 


NOTES: 
(1) See Section 4.5.3, A.C. Timing Waveforms for waveforms and definitions. 
(2) See Figure 20 for capacitive derating information for output delays and hold times. 
(3) See Figure 21 for capacitive derating information for rise and fall times. 
(4) Where N is the number of wait states that are inserted by the Bus Controller Region Table. When there are no wait 
states in an access, WAIT never goes active. 
(5) N = Number of wait states inserted with READY. 
(6) Output Data and/or DT/R may be driven indefinitely following a cycle if there is no subsequent bus activity. 
(7) See Notes 1, 2, and 3. 
(8) Since asynchronous inputs are synchronized internally by the 80960CA they have no required setup or hold times in 
order to be recognized and for proper operation. However, in order to guarantee recognition of the input at a particular rising 
edge of PCLK2:1 the setup times shown must be met. Asynchronous inputs must be active for at least two consecutive 
PCLK2:1 rising edges to be seen by the processor. 
(9) These specifications are guaranteed by the processor. 
(10) These specifications must be met by the system for proper operation of the processor. 
(11) This timing is dependent upon the loading of PCLK2:1. Use the derating curves of Section 4.5.3 to adjust the timing for 
PCLK2:1 loading. 
(12) In the One-x input clock mode the maximum input clock period is limited to 125 ns while the processor is operating. 
When the processor is in reset, the input clock may stop even in One-x mode. 
(13) When in the One-x input clock mode, these specifications assume a stable input clock with a period variation of less 
than ± 0.1% between adjacent cycles. 
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A.C. Characteristics 
- 
80960CA-16 
(80960CA·16 only. under the conditions described in Section 4.2, Operating Conditions 
and Section 4.5.2, 


A.C. Test Conditions.) 
(Continued) 


Symbol 
Parameter 
Mln 
Max 
Units 
Notes 


INPUT CLOCK(10) 


TF 
CLKIN Frequency 
0 
32 
MHz 
(1) 


Tc 
CLKIN 
Period 
In one-x 
Mode (fCLKlxl 
62.5 
125 
ns 
(1.12) 
In Two-X Mode (fCLK2x) 
31.25 
00 
ns 
(1) 


Tes 
CLKIN Period Stability 
In One-X Mode (fCLK1xl 
±0.1% 
A 
(1.13) 


TCH 
CLKIN High Time 
In One-X Mode (fCLK1x) 
10 
62.5 
ns 
(1.12) 
In Two-X Mode (fCLK2xl 
10 
00 
ns 
(1) 


TCL 
CLKIN 
Low Time 
In One-X Mode (fCLK1xl 
~O 
62.5 
ns 
(1.12) 
, 
In Two-X Mode (fCLK2x) 
10 
00 
ns 
(1) 


TCR 
CLKIN Rise Time 
0 
6 
ns 
(1) 


TCF 
CLKIN Fall Time 
0 
6 
ns 
(1) 


OUTPUT 
CLOCKS(9) 


Tcp 
CLKIN to PCLK2:1 
Delay 
In One-X Mode (fCLK1x) 
-2 
2 
ns 
(1.3.13) 
In Two-X Mode (fCLK2x) 
2 
25 
ns 
(1.3) 


T 
PCLK2:1 
Period 
In One-X Mode (fCLK1xl 
Tc 
ns 
(1.13) 
In Two-X Mode (fCLK2xl 
2Tc 
ns 
(1.3) 


TpH 
PCLK2:1 
High Time 
(T/2) 
- 
4 
T/2 
ns 
(1.13) 


TpL 
PCLK2:1 
Low Time 
(T/2)-4 
T/2 
ns 
(1.13) 


TpR 
PCLK2:1 
Rise Time 
1 
4 
ns 
(1.3) 


TpF 
PCLK2:1 
Fall Time 
1 
4 
ns 
(1.3) 


SYNCHRONOUS 
OUTPUTS(9) 


Tov 
Output Valid Delay. Output Hold 
(6.11) 


TOH 
TOV1. TOH1 
A31:28 
3 
18 
ns 
TOV2. TOH2 
A27:4 
3 
18 
ns 
TOV3. TOH3 
A3:2 
3 
18 
ns 
TOV4. TOH4 
BE3:0 
3 
20 
ns 
TOV5. TOH5 
ADS 
6 
22 
ns 
TOV6. TOH6 
W/A. 
3 
22 
ns 
TOV? TOH? 
D/C.SOP.DMA 
4 
20 
ns 
TOV8. TOH8 
BLAST. WAIT 
6 
20 
ns 
TOV9. TOH9 
DEN 
3 
20 
ns 
TOV10. TOH10 
HOLDA.BREQ 
4 
20 
ns 
TOV11. TOH11 
lOCK 
4 
20 
ns 
TOV12. TOH12 
DACK3:0. 
EOP3:0/TC3:0 
4 
22 
ns 
TOV13. TOH13 
031:0 
3 
20 
ns 
TOV14. TOH14 
DT/A. 
T/2 + 3 
T/2 + 18 
ns 


TOF 
Output 
Float for all outputs 
3 
22 
ns 
(6) 


SYNCHRONOUS 
INPUTS(10) 


TIS 
Input Setup 


TIS1 
031:0 
5 
ns 
(1.11) 
TIS2 
BOFF. READY. 
BTERM 
9 
ns 
(1.11) 
TIS3 
HOLD 
9 
ns 
(1.11) 


TIH 
Input Hold 
TIH1 
031:0 
5 
ns 
(1.11) 
TIH2 
BOFF. READY. 
BTERM 
9 
ns 
(1.11) 
TIH3 
HOLD 
7 
ns 
(1.11) 
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A.C. Characteristics 
- 
80960CA-16 
(80960CA-16 
only, under the conditions 
described 
in Section 
4.2, Operating 
Conditions 
and Section 
4.5.2, 
A.C. Test 
Conditions.) 
(Continued) 


Symbol 
Parameter 
Mln 
Max 
Units 
Notes 


RELATIVE 
OUTPUT TIMINGS(9,7) 


TAVSH1 
A31:2 Valid to ADS Rising 
T-4 
T+4 
. ns 


TAVSH2 
BE3:0, W/R, 
SUP, D/C, 
DMA, DACK3:0 Valid to ADS Rising 
T-6 
T+6 
ns 


TAVEL1 
A31:2 Valid to DEN Falling 
T-6 
T+6 
ns 


TAVEL2 
BE3:0, W/R, 
SUP, INST, 
DMA, DACK3:0 
Valid to DEN Falling 
T-6 
T+6 
ns 


TNLOV 
WAIT Falling to Output Data Valid 
±4 
ns 


TOVNH 
Output Data Valid to WAIT Rising 
N°T - 
4 
2N°T 
+ 4 
ns 
(4) 


TNLNH 
WAIT Falling to WAIT Rising 
N°T 
± 4 
ns 
(4) 


TNHOX 
Output Data Hold after WAIT Rising 
N°T - 
4 
N°T 
+ 4 
ns 
(5) 


TEHOX 
Output Data Hold after DEN Rising 
-6 
00 
ns 
(6) 


TEHTV 
DT IR Hold after DEN High 
T/2 
- 
4 
00 
ns 
(6) 


TTVEL 
DT IR Valid to DEN Falling 
T/2 
- 
4 
T/2 
+ 4 
ns 
(7) 


TOTS 
Outputs Valid to Tristate 
T/2 
T/2 
+ 10 
ns 
(7) 


TTSO 
Tristate 
to Outputs Valid 
T/2 
T/2 
+ 10 
ns 
(7) 


RELATIVE 
INPUT TIMINGS(7) 


TIS4 
RESET Input Setup 
10 
ns 
(8) 


TIH4 
RESET Input Hold 
9 
ns 
(8) 


TIS5 
DREQ3:0 
Input Setup 
16 
ns 
(8) 


TIH5 
DREQ3:0 
Input Hold 
11 
ns 
(8) 


NOTES: 
(1) See Section 4.5.3, A.C. Timing Waveforms for waveforms and definitions. 
(2) See Figure 20 for capacitive derating information for output delays and hold times. 
(3) See Figure 21 for capacitive derating information for rise and fall times. 
(4) Where N is the number of wait states that are inserted by the Bus Controller Region Table. When there are no wait 
states in an access, WAIT never goes active. 
(5) N = Number of wait state inserted with l1tAl5Y. 
(6) Output Data and/or DT/R may be driven indefinitely following a cycle if there is no subsequent bus activity. 
(7) See Notes 1, 2, and 3. 
(8) Since asynchronous inputs are synchronized internally by the 80960CA they have no required setup or hold times in 
order to be recognized and for proper operation. However, in order to guarantee recognition of the input at a particular rising 
edge of PCLK2:1 the setup times shown must be met. Asynchronous inputs must be active for at least two consecutive 
PCLK2:1 rising edges to be seen by the processor. 
(9) These specifications are guaranteed by the processor. 
(10) These specifications must be met by the system for proper operation of the processor. 
(11) This timing is dependent upon the loading of PCLK2:1. Use the derating curves of Section 4.5.3 to adjust the timing for 
PCLK2:1 loading. 
(12) In the One-x input clock mode the maximum input clock period is limited to 125 ns while the processor is operating. 
When the processor is in reset, the input clock may stop even in One-x mode. 
(13) When in the One-x input clock mode, these specifications assume a stable input clock with a period variation of less 
than ± 0.1% between adjacent cycles. 
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4.5.2. A.C. TEST CONDITIONS 
The A.C Specifications in Section 4.5 are tested with 
the 50 pf load shown in Figure 14. See Section 
4.5.4, Derating 
Curves, to see how timings vary 
with load capacitance. 
OU~~UJ)...-----l 


• 


Specifications are measured at the 1.5V crossing 
point, unless otherwise indicated. Input waveforms 
are assumed to have a rise-and-fall time of ~ 2 ns 
from 0.8V to 2.0V. See Section 4.5.3, A.C. Timing 
Waveforms, 
for A.C. spec definitions, test points, 
and illustrations. 
CL = SOpf for all Signals 
270727-11 


Figure 14.A.C. Test Load 


4.5.3. A.C. TIMING WAVEFORMS 


270727-12 


CLKIN 


PCLK2:1 


Figure 15. Input and Output Clocks Waveform 


+1---0.8V 


~----4TC~----~ 


270727-63 


Figure 15a. CLKIN Waveform 
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PCLK2:1 


270727-13 


OUTPUTS 
@, 


.5V 
VALID 


OUTPUTS 


,, 
~:~-~~--: 


270727-14 


Figure 16. Output 
Delay and Float Waveform 


PCLK2:1 


INPUTS 
IAeAOv. HOLD.iiffiiii. 


03Hloo..ads) 


Figure 17. Input Setup and Hold Waveform 


- 
OUTPUT DELAY - 
The maximum ou1put delay is referred to 


as the Output Valid Delay (Tov! 
The minimum outpul delay is 


referred to as the Oulpul Hold (TOH)' 


- 
OUTPUT FLOAT DELAY - 
The output float condijion 
occurs 


when the maximum 
outpu1 current becomes less than ILO in magnitude. 


- 
INPUT SETUP AND HOLD - 
The input setup and hold requirements 


specify the sampling window during which synchronous 
inputs must be 


stable 
for correct 
processor 
operatton. 
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PCLK2:1 


OUTPUTS 


~~1~E3:0,- 
ADS. IlLA5J.~ 
• WIR. 


LOCK~~: :~: 
DiM) 


HOLD 


1.5V 


HOLDA 
,, 


.5V: 


- 
OUTPUT 
DELAY 
- 
The maximum 
output 
delay 
is referred 
to 


as the Output 
Valid Delay 
(Tov). 
The minimum 
output 
delay 
is 


referred 
to as the Output 
Hoid (TOH)' 
.' 


- 
OUTPUT 
FLOAT 
DELAY 
- 
The output 
float oondition 
occurs 


wheh the maximum 
output 
current 
becomes 
less than 
ILO in magnitude. 


- 
INPUT 
SETUP 
AND 
HOLD 
- 
The input setup 
and hold requirements 


specify 
the sampling 
window 
during 
which 
synchronous 
inputs 
must 
be 


stabte 
for oorrect 
processor 
operation. 


270727-15 


Figure 18. Hold Acknowledge 
Timings 
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Figure 19. Relative-timings 
Waveforms 


DERATING 
CURVES 


>"l 
nom+ 
10 
,+,, 
",,,,,,, 
f',,,,,,,,,,,, 


• 


nom+5 


-- 
All output. except: LOCK, DWA, SUP, 
BREQ, DACK3:0, EOP3:0/TC3:0, 
FAIL 


- - - LOCK, DWA, SUPJ!!.EQ, 
DACK3:0, 
EOP3:0/TC3:0, 
FAIL 


100 
150 


270727-17 
Note: 
PCLK Load 
50 pF 


Figure 20. Output Delay or Hold vs Load capacitance 
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.10 


a.8V 
to 2.0V 


• 
2 


50 
100 
150 
50 
100 
150 


CL (pr) 


(a) All 
outputs 
except: 
meR, 
DMA, srns, 
HOLDA, 
BREQ, 


OACR3:O,EOP3:0/TC3:0, 
!'Ai[ 


CL (pr) 
270727-18 


(b) 
meR, 
D!!& 
sup, 
HOLDA, 
BREQ, 
OACR3:O, 
EOP3:0/TC3:0, 
FAIL 


Figure 21. Rise and Fall Time Derating 
at Highest Operating 
Temperature 
and Minimum Vee 
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270727-t9 


Ice-Ice 
under test conditions 


Figure 22. Ice vs Frequency 
and Temperature 
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5.0 
RESET AND HOLD 
ACKNOWLEDGE 


The following 
table 
lists the condition 
of each proc- 
essor output 
pin while RESET is asserted 
(Iow). 


Table 12 Reset Conditions 


Pins 
State During Reset 
(HOLDA Inactlve)1 


A31:A2 
Floating 


D31:DO 
Floating 


BE3:0 
Driven high (Inactive) 


W/R 
Driven low (Read) 


ADS 
Driven high (Inactive) 


WAIT 
Driven high (Inactive) 


BLAST 
Driven low (Active) 


DT/R 
Driven low (Receive) 


DEN 
Driven high (Inactive) 


LOCK 
Driven high (Inactive) 


BREQ 
Driven low (Inactive) 


Die 
Floating 


DMA 
Floating 


SUP 
Floating 


FAIL 
Driven low (Active) 


DAeK3 
Driven high (Inactive) 


DACK2 
Driven high (Inactive) 


DACK1 
Driven high (Inactive) 


DACKO 
Driven high (Inactive) 


EOP/TC3 
Floating (set to input mode) 


EOP/TC2 
Floating (set to input mode) 


EOP/TC1 
Floating (set to input mode) 


EOP/TCO 
Floating (set to input mode) 


NOTE: 
(1) With regard to bus output pin state only, the Hold Ac- 
knowledge state takes precedence over the reset state. Al- 
though asserting the REm 
pin will internally reset the 
processor, the processor's bus output pins will not enter 
the reset state if it has granted Hold Acknowledge to a pre- 
vious HOLD request (HOLDA is active). Furthermore, the 
processor will grant new HOLD requests and enter the 
Hold Acknowledge state even while in reset. 
. 


For example, if HOLDA is not active and the processor ~s 
in the reset state, then HOLD is asserted, the processor s 
bus pins will enter the 
Hold Acknowledge state and 
HOLDA will be granted. The processor will not be able to 
perform memory accesses until the HOLD request is re- 
moved, even if the RESE'fpin is brought high. This opera- 
tion is provided to simplify boot-up synchronization among 
multiple processors sharing the same bus. 


The following 
table lists the condition 
of each proc- 
essor output 
pin while HOLDA 
is asserted 
(Iow). 


Table 13 Hold Acknowledge 
CondItIons 


PIns 
State DurIng HOLPA 


A31:A2 
Floating 


D31:DO 
Floating 


BE3:0 
Floating 


W/R 
Floating 


ADS 
Floating 


WAIT 
Floating 


BLAST 
Floating 


DT/R 
Floating 
- 


Floating 


" 
DEN 


LOCK 
Floating 


BREQ 
Driven (high or low) 
D/C 
Floating 


DMA 
Floating 


SUP 
Floating 


FAIL 
Driven high (Inactive) 


DACK3 
Driven high (Inactive) 


DACK2 
Driven high (Inactive) 


DACK1 
Driven high (Inactive) 


DACKO 
Driven high (Inactive) 


EOP/TC3 
Driven if output 


EOP/TC2 
Driven if output 


EOP/TC1 
Driven if output 


EOP/TCO 
Driven if output 
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Figure 26. Non-Burst, Non-Plpellned Accesses without wait states 
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Figure 27. Non-Burst, Non-Plpellned Read with wait states 


4-83 


80960CA-40, -33, -25, -16 


Region Table Entry 


1 .,t. ! 
Bu. 
Plp.- 
Irte,,,.1 
! 
Order 
I 
Width 
Nwdd 
Nw.d 
Nld. 
Nrdd 
Nr.d 
lining 
"•• dy 
Buret 


Control 
0: 
" 
*31-23 
bit 22 
'*., 
bill 20-11 
bill 1'-'7 
bits 
'&.12 
bttt 11-'0 
biIo1l-8 
bitlH 
bot 2 
bit, 
••0 
0 
X 
0 
X 
X 
3 
1 
X 
X 
Ott 
DI •• bled 
Dloabl.d 
0...0 
, 
0 
" 
" 
000" 
0' 
" 
unx 
0 
0 
0 


A 
0 
3 
2 
A 


PCLK [ 


ADS [ 


~!lJII. [ 
~ 
meR. 
. 


wiA [ 


BLAsT [ 


OT,fl [ 


DEN 
[ 


m[ 
Valid 


WArT [ 


031:0 
[ 
"----"i-( 
OUT 
)..... 
, 
. 
I 
. 
! 


270727-28 


Figure 28_Non-Burst, Non-Plpellned Write with wait states 
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Figure 29. Burat, Non-Plpellned Read without wait atatea, 32-blt bua 
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Figure 30. Burst, Non·Plpellned Read with wait states, 32·blt bus 
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Figure 31. Burst, Non-Plpellned Write without wait states, 32-blt bus 
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Figure 33. Burst, Non-Plpellned Read with wait states, 16·blt bus 
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FIgure 34. Burst, Non-Plpeltned Read with waIt states, 8-blt bus 
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Figure 35. Non-Burst, Plpellned Read without wait states, 32-blt bus 
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Figure 36. Non-Burst, Plpellned Read with wait states, 32-blt bus 
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Figure 37. Burst, Pipelined Read without wait states, 32-blt bus 
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Figure 38. Burst, Plpelined Read with wait states, 32-blt bus 
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Figure 40. Burst, Plpellned Read with wait states, 8-blt bus 
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Figure 41. Using External READY 
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NOTE: 
READY 
adds memory 
access 
time to data transfers, 
whether 
or not the bus access 
is a burst access. 
BTERM 
interrupts 
a bus access, 
whether 
or not the bus access 
has more data transfers 
pending. 
Either the READY 
signal or the STERM 
signal will terminate 
a bus access 
if the signal is asserted 
during the last (or only) data transfer 
of the bus access. 


Figure 42. Terminating 
a B,urst with BTERM 
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Figure 43. BOFF Input Timing 
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Figure 44. BOFF Bus Timing 
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6.6. 
Unaligned Requests 
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Figure 45. A Summary 
of Aligned and Unallgned 
Transfers 
for Little Endian Regions 
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Figure 46. A Summary 
of Aligned and Unallgned 
Transfers 
for Little Endlan Regions 
(Continued) 
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7.0 On-Circuit 
EmulationTM (ONCE) 
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Figure 48. Entering 
the ONCETM State 
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80960MC 
PRODUCT OVERVIEW 


This chapter provides an overview of the architecture of the 80960MC processor. 


The 80960MC processor is the military-grade 
member of a new family of processors from Intel. 


This processor family is based on a new 32-bit architecture called the 80960 architecture. 
The 
80960 architecture 
has been designed specifically to meet the needs of embedded 
applications 
such as avionics, 
aerospace, 
weapons 
systems, 
robotics, 
and instrumentation, 
where high 
reliability is critical. It represents a renewed commitment 
from Intel to provide reliable. high- 
performance processors and controllers for the embedded processor marketplace. 


The 80960 architecture 
can best be characterized 
as a high-performance 
computing 
engine. It 
features high-speed instruction execution and ease of programming. 
It is also easily extensible, 


allowing processors and controllers based on this architecture to be conveniently 
customized 
to 
meet the needs of specific processing and control applications. 


Some of the important attributes of the 80960 architecture include: 


• 
full 32-bit registers 


• 
high-speed, pipelined instruction execution 


a convenient 
program 
execution 
environment 
with 32 general-purpose 
registers 
and a 
versatile set of special-function registers 


• 
a highly optimized procedure call mechanism that features on-chip caching of local variables 
and parameters 


• 
extensive facilities for handling interrupts and faults 


extensive tracing facilities to support efficient program debugging and monitoring 


register 
scoreboarding 
and write buffering 
to permit 
efficient 
operation 
with lower 
performance memory subsystems 


The 80960MC processor implements the 80960 architecture, plus it offers several extensions to 
the architecture. 
Some of these extensions, 
such as on-chip 
support for floating-point 
arith- 
metic, virtual memory management, 
and multitasking, 
are designed to enhance overall system 
performance. 
Several other extensions are designed to enhance system reliability and robustness. 
These extensions include facilities for hardware enforced protection of software modules and for 
creating fault tolerant systems through the use of redundant processors. 


The following 
sections describe those features of the 80960 architecture 
that are provided to 
streamline 
code execution 
and simplify 
programming. 
The extensions, 
to this architecture 
provided in the 80960MC processor are described at the end of the chapter. 
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HIGH PERFORMANCE 
PROGRAM EXECUTION 


Much of the design of the 80960 architecture 
has been aimed at maximizing 
the processor's 
computational 
and data processing 
speed 
through 
increased 
parallelism. 
The following 
paragraphs 
describe 
several of the mechanisms 
and techniques 
used to accomplish 
this goal, 


including: 


• 
an efficie~t load and store memory-access 
model 


• 
caching of code and procedural data 


overlapped execution of instructions 


many one or two clock-cycle instructions 


Load and Store Model 


One of the more important features of the 80960 architecture is that most of its operations are 
performed 
on operands 
in registers, 
rather than in memory. 
For example, 
all the arithmetic, 
logical, comparison, branching, and bit operations'are 
performed with registers and literals. 


This feature provides two benefits. First, it increases program execution speed by minimizing the 
number of memory accesses required to execute a program. Second. it reduces memory latency 
encountered when using slower, lower-cost memory parts. 


To support this concept, the architecture provides a generous supply of general-purpose 
registers. 
For each procedure, 32 registers are available (28 of which are available for general use). These 
registers are divided into two types: global and local. Both these types of registers can be used for 
general storage of operands. 
The only difference 
is that global registers 
retain their contents 
across procedure boundaries, 
whereas the processor allocates a new set of local registers each 
time a new procedure is called. 


The architecture 
also provides 
a set of fast, versatile 
load and store instructions. 
These 
instructions allow burst transfers of I, 2,4, 
8, 12, or 16 bytes of information between memory 
and the registers. 


On-Chip'Caching 
of Code and Data 


To further reduce memory accesses, the architecture offers two mechanisms for caching code and 
data on chip: an instruction 
cache and multiple sets of local registers. 
The instruction 
cache 


allows prefetching of blocks of instruction from memory, which helps insure that the instruction 
execution pipeline is supplied with a steady stream of instructions. It also reduces the number of 
memory accesses required when performing iterative operations such as loops. (The size of the 
instruction cache can vary. With the 80960MC processor, it is 512 bytes.) 


To optimize the architecture's 
procedure call mechanism, the processor provides multiple sets of 
local registers. This allows the processor to perform most procedure calls without having to write 
the local registers out to the stack in memory. 
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(The number 
of local-register 
sets provided 
depends 
on the processor 
implementation. 
The 
80960MC processor provides four sets oflocal registers.) 


Overlapped 
Instruction Execution 


Another technique that the 80960 architecture employs to enhance program execution speed is 
overlapping the execution of some instructions. This is accomplished 
through two mechanisms: 


register scoreboarding and branch prediction. 


Register scoreboarding permits instruction execution to continue while data is being fetched from 
memory. When a load instruction is executed, the processor sets one or more scoreboard bits to 
indicate the target registers to be loaded. After the target registers are loaded, the scoreboard bits 
are cleared. While the target registers are being loaded, the processor is allowed to execute other 
instructions that do not use these registers. The processor uses the scoreboard bits to insure that 
target registers are not used until the loads are complete. 
(The checking of scoreboard 
bits is 
transparent to software.) The net result of using this technique is that code can often be optimized 
in such a way as to allow some instructions to be executed parallel. 


Single-Clock 
Instructions 


It is the intent of the 80960 architecture 
that a processor 
be able to execute commonly 
used 
instructions such as move, add, subtract, logical operations, compare and branch in a minimum 
number of clock cycles (preferably one clock cycle). The architecture 
supports this concept in 
several ways. For example, the load and store model described earlier in this chapter (with its 
concentration 
on register-to-register 
operations) 
allows 
simple operations 
to be performed 
without the overhead of memory-to-memory 
operations. 


Also, all the instructions 
in the 80960 architecture 
are 32 bits or 64 bits long and aligned on 
32-bit boundaries. 
This feature allows instructions 
to be decoded 
in one clock cycle. It also 
eliminates the need foran instruction-alignment 
stage in the pipeline. 


The design of the 80960MC processor takes full advantage of these features of the architecture, 
resulting in more than 50 instructions that can be executed in a single clock-cycle. 


Efficient Interrupt Model 


The 80960 architecture 
provides an efficient mechanism 
for servicing interrupts from external 
sources. To handle interrupts, the processor maintains an interrupt table of 248 interrupt vectors 
(240 of which are available for general use). When an interrupt is signaled, the processor uses a 
pointer from the interrupt table to perform an implicit call to an interrupt handler procedure. In 
performing this call, the processor automatically saves the state of the processor prior to receiving 
the interrupt; 
performs 
the interrupt 
routine; 
and then restores 
the state of the processor. 
A 
separate 
interrupt 
stack is also provided 
to segregate 
interrupt 
handling 
from application 
programs. 
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The interrupt 
handling 
facilities 
also feature 
a method 
of prioritizing 
interrupts. 
Using this 
technique, 
the processor 
is able to store interrupts 
that are lower in priority than the task the 
processor is currently working on in a pending interrupt section of the interrupt table. At certain 
defined times, the processor checks the pending interrupts and services them. 


SIMPLIFIED 
PROGRAMMING 
ENVIRONMENT 


Partly as a side benefit of its streamlined execution environment and partly by design, processors 
based on the 80960 architecture are particularly easy to program. For example, the large number 
of general-purpose 
registers 
allows 
relatively 
complex 
algorithms 
to be executed 
with a 
minimum 
number of memory accesses. The following 
paragraphs 
describe some of the other 
features that simplify programming. 


Highly Efficient Procedure Call Mechanism 


The procedure call mechanism makes procedure calls and parameter passing between procedures 
simple and compact. Each time a call instruction is issued, the processor automatically 
saves the 
current set of local registers and allocates a new set of local registers for the called procedure. 
Likewise, on a return from a procedure, the current set of local registers is deallocated and the 
local registers for the procedure being returned to are restored. On a procedure call, the program 
thus never has to explicitly save and restore those local variables and parameters that are stored in 
local registers. 


Versatile Instruction Set and Addressing 


The selection 
of instructions 
and addressing 
modes 
also simplifies 
programming. 
The 
architecture offers a full set of load, store, move, arithmetic, comparison, and branch instructions, 
with operations on both integer and ordinal data types. It also provides a complete set of Boolean 
and bit-field instructions, to simplify operations on bits and bit strings. 


The addressing 
modes are efficient and straightforward, 
while at the same time providing 
the 
necessary indexing and scaling modes required to address complex arrays and record structures. 


The large 4-gigabyte 
address 
space provides 
ample room to store programs 
and data. The 
availability of 32 addressing lines allows some address lines to be memory-mapped 
to control 
hardware functions. 


Extensive Fault Handling Capability 


To aid in program development, the 80960 architecture defines a wide selection of faults that the 
processor detects, including arithmetic faults, invalid operands, invalid operations, and machine 
.faults. When a fault is detected, the processor makes an implicit call to a fault handler routine, 
using a mechanism 
similar to that described above for interrupts. The information collected for 
each fault allows program developers to quickly correct faulting code. It also allows automatic 
recovery from some faults. 
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Debugging and Monitoring 


To support debugging 
systems, the 80960 architecture 
provides a mechanism 
for monitoring 
processor activity by means of trace events. The processor can be configured to detect as many as 
seven different 
trace events, including 
branches, 
calls, supervisor 
calls, returns, 
prereturns, 
breakpoints, 
and the execution of any instruction. When the processor detects a trace event, it 
signals a trace fault and calls a fault handler. Intel provides several tools that use this feature, 
including an in-circuit emulator (ICE) device. 


SUPPORT 
FOR ARCHITECTURAL 
EXTENSIONS 


The 80960 architecture described earlier in this chapter provides a high-performance 
computing 
engine 
for use as the computational 
and data-processing 
core of embedded 
processors 
or 
controllers. The architecture also provides several features that enable processors based on this 
architecture to be easily customized to meet the needs of specific embedded applications, such as 
signal processing, array processing, or graphics processing. 


The most important 
of these features is a set of 32 special-function 
registers. These registers 
provide a convenient 
interface to circuitry in the processor or to pins that can be connected to 
external hardware. 
They can be used to control timers, to perform operations 
on special data 
types, or to perform VO functions. 


The special-function 
registers are similar to the global registers. They can be addressed by all the 
register-access instructions. 


EXTENSIONS 
INCLUDED IN THE 80960MC PROCESSOR 


The extensions to the 80960 architecture included in the 80960MC processor are built on top of 
the processor's 
core computing engine. These extensions are aimed at improving the efficiency 
and reliability of embedded systems. 


On-Chip Floating Point 


The 80960MC processor provides a complete implementation 
of the IEEE standard for binary 
floating-point 
arithmetic 
(IEEE 754-185). This implementation 
includes a full set of floating- 
point operations, 
including 
add, subtract, 
multiply, 
divide, 
trigonometric 
functions, 
and 
logarithmic 
functions. 
These operations 
are performed 
on single precision 
(32-bit), 
double 
precision (64-bit), and extended precision (80-bit) real numbers. 


One of the benefits 
of this implementation 
is that the floating-point 
handling 
facilities 
are 
completely 
integrated 
into the normal instruction 
execution 
environment. 
Single- and double- 
precision floating-point values are stored in the same registers as non-floating point values. Also, 
four 80-bit floating-point registers are provided to hold extended-precision 
values. 
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String and Decimal Operations 


The 80960MC processor provides several instructions for moving, filling, and comparing 
byte 
strings in memory. These instructions speed up string operations and reduce the amount of code 
required to handle strings. 


The decimal instructions 
perform move, add with carry, and subtract with carry operations on 
binary-coded decimal (BCD) strings. 


Virtual-Memory 
Support 


Another 
of the 80960MC 
processor's 
important 
features 
is support 
for virtual-memory 
management. 
When using the processor in virtual-memory 
mode, the processor provides each 
process (or task) with an address space of up to 232 bytes. This address space is paged into 
physical memory in 4K-byte pages. On-chip memory-management 
facilities handle virtual-to- 
physical address translation. A translation look-aside buffer (TLB) speeds address translation by 
storing virtual-to-physical 
address translations for frequently accessed parts of memory, such as 
the location of the page tables and the location of often used system data structures. 


Protection 


The 80960MC processor offers two mechanisms for protecting critical data structures or software 
modules. The first is the ability to use page rights bits to restrict access to individual pages. Page 
rights allow various levels of access to be assigned to a page, ranging from no access to read only 
to read-write. 


The second 
protection 
mechanism 
is a user/supervisor 
protection 
model. 
This two-level 
protection model provides hardware enforced protection of kernel procedures and data structures. 
When using this protection mechanism, 
privileged procedures 
and data are placed in protected 
pages of memory. 
These pages can then be accessed 
only through 
a procedure 
table, which 
provides a tightly controlled interface to kernel functions. 


Multitasking 


The 80960MC processor offers a variety of process management 
facilities to support concurrent 
execution of multiple tasks. These facilities can be divided into two groups: process scheduling 
and interprocess communications. 


The process 
scheduling 
facilities 
consist 
of a set of general-purpose 
data structures 
and 
instructions, which are designed to support several different multitasking schemes. For example, 
the processor provides a set of instructions that allow the kernel to explicitly dispatch a task (bind 
it to the processor) and to suspend a task (save the current state of a task so that another task can 
be bound to the processor). These instructions can be used within kernel procedures to schedule, 
dispatch, and preempt multiple tasks. 


The processor also provides a unique feature called self dispatching. Here, the kernel schedules 
tasks by queuing 
them to a dispatch port. Thereafter, 
the processor 
handles the dispatching, 
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preempting, and rescheduling of the tasks automatically, 
independent of the kernel. When using 
this mechanism, tasks can be scheduled by priority, with up to 32 priority levels to choose from. 


The processor's 
interprocess 
communication 
facilities 
include 
support 
for semaphores 
and 
communication 
ports. These 
facilities 
allow synchronization 
of interdependent 
tasks and 
asynchronous communication 
between tasks. 


Multiprocessing 


The 80960MC 
processor 
provides 
several 
mechanisms 
designed 
to simplify 
the design 
of 
multiple-processor 
systems, allowing several processors to run in parallel, using shared memory 
resources. One of these mechanisms is the self-dispatching capability described above. Here, two 
or more processors can schedule and dispatch processes from a single dispatch port, with each 
processor equally sharing the processing load. 


The processor 
also provides 
an inter-agent 
communication 
(lAC) 
mechanism 
that allows 
processors 
to exchange 
messages 
among themselves 
on the bus. This mechanism 
operates 
similarly to the interrupt mechanism, 
except that lAC messages are passed through dedicated 
sections of memory. The lAC mechanism can be used to preempt processes running on another 
processor, to manage interrupt handling, or to initialize and synchronize several processors. 


A set of atomic 
instructions 
are also provided 
to synchronize 
memory 
accesses. 
Multiple 
processors can then access shared memory without inserting inaccuracies 
and ambiguities 
into 
shared data structures. 


Fault Tolerance 


The 80960 family of components 
supports fault-tolerant 
system design through the use of the 
M82965 Bus Extension Unit component. The M82965 allows two processors to be operated in 
tandem to form a self-checking module. The two M82965s check the outputs of two processors 
(a master and a checker) cycle-by-cycle. 
If the checking M82965 detects a difference between 
outputs, it signals an error. A software recovery procedure can then be initiated. 


This fault detection 
mechanism 
supports 
several 
fault detection 
and recovery 
techniques, 
including self healing, and continuous-operation 
(non-stop) systems. 


LOOK FOR MORE IN THE FUTURE 


The 80960 architecture offers exceptional performance, plus a wealth of useful features to help in 
the design of efficient 
and reliable 
embedded 
systems. 
But equally important, 
it offers lots 
of room to grow. The 80960MC 
processor 
provides 
average 
instruction 
processing 
rates of 
7.5 million instructions per second (7.5 MIPS) at 20 MHz clock rate and 10 MIPS at a 25 MHz 
clock rate'. 


'I MIP is equivalent 
to the performance 
of a Digital Equipment 
Corp. VAX Ilnso. 
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However, the 80960MC is only the beginning. With improvements 
in VLSI technology, future 


implementations 
of the 80960 architecture 
will offer even greater performance. 
They will also 


offer a variety of useful extensions to solve specific control and monitoring needs in the field of 
embedded applications. 
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80960MC 
EMBEDDED 32-BIT MICROPROCESSOR 
WITH INTEGRATED FLOATING-POINT 
UNIT 
AND MEMORY MANAGEMENT UNIT 
Military 
_ 
High-Performance Embedded 
_ On-Chip Memory Management Unit 
Architecture 
- 
4 Glgabyte Virtual Address Space 
- 
25 MIPS Burst Execution at 20 MHz 
per Task 
-9.4 
MIPS· Sustained Execution at 
-4 
Kbyte Pages with Supervisor/User 
25 MHz 
Protection 
_ On-Chip Floating-Point Unit 
_ 
Built-In Interrupt Controller 
- 
Supports IEEE754 Floating-Point 
- 
32 Priority Levels 
Standard 
- 
248 Vectors 
- 
Full Transcendental Support 
- 
Supports M8259A 
- 
Four 80-Blt Registers 
- 
3.4 ,...sLatency 
- 
5.2 MIllion Whetstones/Second at 
_ Easy to Use, High Bandwidth 32-Blt BL!s 


25 MHz 
_ 66.7 MBytes/s Burst 
_ 512-Byte On-Chip Instruction Cache 
- 
Up to 16-Bytes Transferred per Burst 
- 
Direct Mapped 
M Itlt 
kl 
d M ItI 
_ Parallel Load/Decode for Uncached 
- 
u 
as 
ng an 
u 
processor 
Support 
Instructions 
_ Automatic Task Dispatching 
_ 
Multiple Register Sets 
- 
Prlorltlzed Task Queues 
- 
Sixteen Global 32-Blt Registers 
_ Advanced Package Technology 
- 
Sixteen Local 32-Blt Registers 
-132 
Lead Ceramic Pin Grid Array 
- 
Four Local Register Sets Stored 
-164 
Lead Ceramic Quad Flatpack 
On-Chip (Sixteen 32-Blt Registers 
per Set) 
_ Military Temperature Range 
_ Register Scoreboardlng 
- 
- 55°Cto + 125°C(Tcl 


The 80960MC 
is the enhanced 
military 
member 
of Intel's 
new 32-bit 
microprocessor 
family, 
the 960 series, 


which 
is designed 
especially 
for embedded 
applications. 
It is based on the family's 
high performance, 
com- 
mon core architecture, 
and includes 
a 512-byte 
instruction 
cache, 
a built-in interrupt 
controller, 
an integrated 
floating-point 
unit and a memory 
management 
unit. The 80960MC 
has a large register 
set, multiple 
parallel 
execution 
units, and a high-bandwidth, 
burst bus. Using advanced 
RISC technology, 
this high performance 
processor 
can respond 
to interrupts 
in under 3.4 ,","S and is capable 
of execution 
rates in excess of 9.4 million 
instructions 
per second.' 
The 80960MC 
is well-suited 
for a wide range 
of military 
and other 
high reliability 
applications, 
including 
avionics, 
airborne 
radar, navigation, 
and instrumentation. 


·Relative 
to Digital 
Equipment 
Corporation's 
VAX-11/7BO·· 
at 1 MIPS 


271080-1 
Figure 
1. The 80960MC's 
Highly 
Parallel 
Mlcroarchltecture 
··V AX-11 TM is a trademark 
of Digital Equipment 
Corporation. 
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THE 960 SERIES 


The 80960MC 
is the enhanced 
military member 
of a 
new 
family 
of 
32-bit 
microprocessors 
from 
Intel 
known as the 960 Series. This series was especially 
designed 
to serve the needs 
of embedded 
applica- 
tions. 
The 
embedded 
market 
includes 
applications 
as diverse 
as industrial 
automation, 
avionics, 
image 
processing, 
graphics, 
robotics, 
telecommunications, 


and 
automobiles. 
These 
types 
of applications 
re- 
quire high integration, 
low power consumption, 
quick 
interrupt 
response 
times, 
and 
high 
performance. 
Since 
time 
to market 
is critical, 
embedded 
micro- 
processors 
need to be easy to use in both hardware 
and software 
designs. 


All members 
of the 80960 
series 
share a common 
core architecture 
which 
utilizes RISC technology 
so 
that, 
except 
for special 
functions, 
the family 
mem- 


bers are object code compatible. 
Each new proces- 
sor in the series will add its own special 
set of func- 
tions 
to the core to satisfy 
the needs 
of a specific 
application 
or range of applications 
in the embedded 
market. 
For example, 
future processors 
may include 
a DMA controller, 
a timer, or an AID 
converter. 


The 80960MC 
includes 
an integrated 
Floating 
Point 
Unit 
(FPU), 
a Memory 
Management 
Unit 
(MMU), 


multitasking 
support, 
and 
multiprocessor 
support. 
There are also two commercial 
members 
of the fam- 


ily: the 80960KB 
processor 
with integrated 
FPU and 
the B0960KA 
without 
floating-point. 


gO 


GLOBAL 
REGISTERS(1) 


o 


SIXTEEN 
32-BIT 
REGISTERS 


FLOATING- 
POINT 
REGISTERS 


fpO r--------------, 


FOUR 80-BIT 
REGISTERS 


NOTES: 
1. Register 
g15 is reserved 
for stack 
management 
functions. 
2. Registers 
rO, r1, and r2 are reserved 
for stack 
management 
functions. 


fp3 
'-- 
---J 


rO 
,--------, 


SIXTEEN 
32-BIT 
REGISTERS 


LOCAL 
REGISTERS(2) 
ADDRESS 
SPACE 


r1S 
'-- 
...J 


32-BITS 
ARITHMETIC 
CONTROLS 


32-BITS 
INSTRUCTION 
POINTER 


32-BITS 
PROCESS CONTROLS 


32-BITS 
I TRACE CONTROLS 


Figure 
2. Register 
Set 
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KEY PERFORMANCE 
FEATURES 


The a0960MC's architecture is based on the most 
recent advances in RISC technology and is ground- 
ed in Intel's long experience in designing embedded 
controllers. 
Many 
features 
contribute 
to 
the 
a0960MC's exceptional performance: 


1. Large Register Set. Having a large number of 
registers reduces the number of times that a proces- 
sor needs to access memory. Modern compilers can 
take advantage of this feature to optimize execution 
speed. For maximum flexibility, the a0960MC pro- 
vides thirty-two 32-bit registers (sixteen local and 
sixteen global) and four aO-bit floating-point global 
registers. (See Figure 2.) 


2. Fast Instruction Execution. Simple functions 
make up the bulk of instructions in most programs, 


so that execution speed can be greatly improved by 
ensuring that these core instructions execute in as 
short a time as possible. The most-frequently exe- 
cuted instructions such as register-register moves, 
add/subtract, logical operations, and shifts execute 
in one to two cycles (Table 1 contains a list of in- 
structions.) 


3. Load/Store Architecture. Like other processors 
based on RISC technology, the a0960MC has a 
Load/Store architecture, only the LOAD and STORE 
instructions reference memory; all other instructions 
operate on registers. This type of architecture simpli- 
fies instruction decoding and is used in combination 
with other techniques to increase parallelism. 


Control 
Opcode 
Displacement 


Compare 
Opcode 
Reg/Lit 
Reg 0 
Displacement 
and Branch 


Register 
-I 
Opcode 
Reg 
Reg/Lit 
Modes 
Ext'dOp 
Reg/Lit 
to Register 


Memory 
Opcode 
Reg 
Base 
~ 
Offset 
Access-Short 


Memory 
Opcode I 
Reg 
Base 
Mode IScale 0 
Index 
Access-Long 


Displacement 


Figure 3. Instruction Formats 
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OMCI 
s 
Tab e 1.8096 
nstruct on 
et 
r; 


Data Movement 
Arithmetic 
Floating 
Logical 
Point 


Load 
Add 
Add 
And 
Store 
Subtract 
Subtract 
Not And 
Move 
Multiply 
Multiply 
And Not 
Load Address 
Divide 
Divide 
Or 
Load Physical 
Remainder 
Remainder 
Exclusive 
Or 
Address 
Modulo 
Scale 
Not Or 
Shift 
Round 
Or Not 
Square Root 
Nor 
Sine 
I,' 
Exclusive 
Nor 
Cosine 
Not 
Tangent 


I •. 


Nand 
~" 


I" 
Arctangent 
Rotate 
Log 
Log Binary 
Log Natural 
Exponent 
Classify 
Copy Real 
Extended 
Compare 


Comparison 
Branch 
Bit and 
String 
Bit Field 


Compare 
Unconditional 
Set Bit 
Move String 
Conditional 
Branch 
Clear Bit 
Move Quick String 


Compare 
Conditional 
Branch 
Not Bit 
Fill String 
Compare 
and 
Compare 
and 
Check Bit 
Compare 
String 
Increment 
Branch 
Alter Bit 
Scan Byte for 
Compare 
and 
~ 
Scan for Bit 
I 


Equal 
Decrement 
Scan over Bit 
Extract 
Modify 


Conversion 
Decimal 
Call/Return 
Procesa 
Management 


Convert 
Real to 
Move 
Call 
Schedule 
Process 


Integer 
Add with Carry 
Call Extended 
Saves Process 
Convert 
Integer to 
Subtract 
with Carry 
Call System 
Resume 
Process 
Real 
Return 
Load Process 
Time 
Branch and link 
Modify Process 
Controls 
.- 
Wait 
Conditional 
Wait 
Signal 
Receive 
Conditional 
Receive 
Send 
Send Service 
Atomic 
Add 
Atomic 
Modify 


Fault 
Debug 
Miscellaneous 


Conditional 
Fault 
Modify Trace 
Flush Local 
Synchronize 
Faults 
Controls 
llIegisters 
Mark 
Inspect Access 
Force Mark 
Modify Arithmetic 
Controls 
Test Condition 
Code 
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4. Simple Instruction 
Formats. All instructions in 
the B0960MC are sz-blts long and must be aligned 
on word boundaries. This alignment makes it possi- 
ble to eliminate the instruction-alignment stage in 
the pipeline. To simplify the instruction decoder fur- 
ther, there are only five instruction formats and each 
instruction uses only one format. (See Figure 3.) 


5. Overlapped Instruction 
Execution. A load oper- 
ation allows execution of subsequent instructions to 
continue before the data has been returned from 
memory, so that these instructions can overlap the 
load. The B0960MC manages this process transpar- 
ently to software through the use of a register score- 
board. Conditional instructions also make use of a 
scoreboard so that subsequent unrelated instruc- 
tions can be executed while the conditional instruc- 
tion is pending. 


6. Integer Execution Optimization. 
When the re- 
sult of an operation is used as an operand in a sub- 
sequent calculation, the value is sent immediately to 
its destination register. Yet at the same time, the 
value is put back on a bypass path to the ALU, 
thereby saving the time that otherwise would be re- 
quired to retrieve the value for the next operation. 


7. Bandwidth 
Optimlzatlons. 
The B0960MC gets 
optimal use of its memory bus bandwidth because 
the bus is tuned for use with the cache: the line size 
of the instruction cache matches the maximum burst 
size for instruction fetches. The B0960MC automati- 
cally fetches four words in a burst and stores them 
directly in the cache. Due to the size of the cache 
and the fact that it is continually filled in anticipation 
of needed instructions in the program flow, the 
B0960MC is exceptionally insensitive to memory 
wait states. In fact, each wait state causes only a 
7% degradation in system perfomance. The benefit 
is that the B0960MC will deliver outstanding per- 
formance even with a low cost memory system. 


8. Cache Bypass. If there is a cache miss, the proc- 
essor fetches the needed instruction, then sends it 
on to the instruction decoder at the same time it 
updates the cache. Thus, no extra time is taken to 
load and read the cache. 


Memory Space and Addressing 
Modes 


The B0960MC allows each task (process) to ad- 
dress a logical memory space of up to 4 Gbytes. In 
turn, each task's address space is divided into four 
1-Gbyte regions and each region can be mapped to 
physical addresses by zero, one, or two levels of 
page tables. The region with the highest addresses 
(Region 3) is common to all tasks. 


In keeping with RISC design principles, the number 
of addressing modes has been kept to a minimum 
but includes all those necessary to ensure efficient 
execution of high-level languages such as Ada, C, 
and Fortran. Table 2 lists the memory addressing 
modes. 


Data Types 


The B0960MC recognizes the following data types: 


Numeric: 
• B-, 16-, 32- and 64-bit ordinals 
• B-, 16, 32- and 64-bit integers 
• 32-, 64- and BO-bitreal numbers 


Non-Numeric: 
• Bit 
• Bit Field 
• Triple-Word (96 bits) 
• Quad-Word (12B bits) 


Large Register Set 


The programming environment of the B0960MC in- 
cludes a large number of registers. In fact, 36 regis- 
ters are available at any time. The availability of this 
many registers greatly reduces the number of mem- 
ory accesses required to execute most programs, 
which leads to greater instruction processing speed. 


There are two types of general-purpose registers: 
local and global. The 20 global registers consist of 
sixteen 32-bit registers (GO through G15) and four 
BO-bitregisters (FPOthrough FP3). These registers 
perform the same function as the general-purpose 
registers provided in other popular microprocessors. 
The term global refers to the fact that these regis- 
ters retain their contents across procedure calls. 


The local registers, on the other hand, are proce- 
dure specific. For each procedure call, the B0960MC 
allocates 16 local registers (ROthrough R15). Each 
local register is 32 bits wide. Any register can also 
be used for floating-point operations; the BO-bitfloat- 
ing-point registers are provided for extended preci- 
sion. 


Multiple Register Sets 


To further increase the efficiency of the register set, 
multiple sets of local registers are stored on-chip. 
This cache holds up to four local register frames, 
which means that up to three procedure calls can be 
made without having to access the procedure stack 
resident in memory. 
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• 
12-Bit Offset 


• 
32-Bit 'Offset 


• 
Register-Indirect 


• 
Register + 12-Bit Offset 


• 
Register + 32-Bit Offset 


• 
Register + (Index-Register 
x Scale-Factor) 


• 
Register 
x Scale Factor + 32-Bit Displacement 


• 
Register + (Index-Register 
x Scale-Factor) 
+ 32-Bit 
Displacement 


Table 2. Memory 
AddressIng 
Modes 


Scale-Factor 
is 1, 2, 4, 8 or 16 


Although 
programs 
may have procedure 
calls nest- 
ed many 
calls 
deep, 
a program 
typically 
oscillates 
back and forth between 
only two or three levels. As 
a result, 
with 
four 
stack 
frames 
in the 
cache, 
the 
probability 
of there being a free frame on the cache 
when 
a call 
is made 
is very 
high. 
In fact, 
runs of 
representative 
C-Ianguage 
programs 
show that 80% 
of the calls are handled 
without 
needing 
to access 
memory, 


procedure 
stack in memory 
to make room for a new 
set of registers. 
Global 
register 
G 15 is used by the 
processor 
as the frame 
pointer 
(FP) for the proce- 
dure stack. 


Note that the global and floatinq-point 
registers 
are 
not exchanged 
on a procedure 
call, but retain their 
contents, 
making 
them 
available 
to all procedures 
for fast parameter 
passing. 
An illustration 
of the reg· 
ister cache is shown 
in Figure 4, 
If there 
are four or more 
active 
procedures 
and a 
new procedure 
is called, 
the processor 
moves 
the 
oldest set of local registers 
in the register cache to a 


ONE Of 
fOUR 
LOCAL 
REGISTER SETS 


REGISTER 
CACHE 


~--------------------------~R15 
31 
o 
271080-2 


FIgure 4. MultIple RegIster 
Sets Are Stored On-Chlp 
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To further reduce memory accesses, the 80960MC 
includes a 512-byte on-chip instruction cache. The 
instruction cache is based on the concept of locality 
of reference; that is, most programs are not usually 
executed in a steady stream but consist of many 
branches and loops that lead to jumping back and 
forth within the same small section of code. Thus, by 
maintaining a block of instructions in a cache, the 
number of memory references required to read in- 
structions into the processor can be.greatly reduced. 


To 
load the 
instruction cache, 
instructions are 
fetched in 16-byte blocks, so that up to four instruc- 
tions can be fetched at one time. An efficient 
prefetch algorithm increases the probability that an 
instruction will already be in the cache when it is 
needed. 


Code for small loops will often fit entirely within the 
cache, leading to a great increase in processing 
speed since further memory references might not be 
necessary until the program exits the loop. Similarly, 
when calling short procedures, the code for the call- 
ing procedure is likely to remain in the cache, so it 
will be there on the procedure's return. 


Register Scoreboarding 


The instruction decoder has been optimized in sev- 
eral ways. One of these optimizations is the ability to 
do instruction overlapping by means of register 
scoreboarding. 


Register scoreboarding occurs when a LOAD in- 
struction is executed to move a variable from memo- 
ry into a register. When the instruction is initiated, a 
scoreboard bit on the target register is set. When the 
register is actually loaded, the bit is reset. In be- 
tween, any reference to the register contents is ac- 
companied by a test of the scoreboard bit to insure 
that the load has completed before processing con- 
tinues. Since the processor does not have to wait for 
the LOAD to be completed, it can go on to execute 
additional instructions placed in between the LOAD 
instruction and the instruction that uses the register 
contents, as shown in the following example: 


LOAD R4, address 1 
LOAD R5, address 2 
Unrelated instruction 
Unrelated instruction 
ADD R4, R5, R6 


In essence, the two unrelated instructions between 
the LOAD and ADD instructions are executed for 


free (i.e., take no apparent time to execute) because 
they are executed while the register is being loaded. 
Up to three LOAD instructions can be pending at 
one time with three corresponding scoreboard bits 
set. By exploiting this feature, system programmers 
and compilers have a useful tool for optimizing exe- 
cution speed. 


Memory Management 
and Protection 


The 80960MC will be especially useful for multitask- 
ing applications that require software protection and 
a very large address space. To ensure the highest 
level of performance possible, the memory manage- 
ment unit and translation look-aside buffer (TLB) are 
contained on-chip. 


The 80960MC supports a conventional form of de- 
mand-paged virtual memory in which the address 
space is divided into 4 Kbyte pages. Studies have 
shown that a 4 Kbyte page is the optimum size for a 
broad range of applications. 


Each page table entry includes a z-blt page rights 
field that specifies whether the page is a no-access, 
read-only, or read-write page. This field is interpret- 
ed differently depending on whether the current task 
(process) is executing in user or supervisor mode, as 
shown below: 


Rights 
00 
01 
10 
11 


User 
No Access 
No Access 
Read-Only 
Read-Write 


Supervisor 
Read-Only 
Read-Write 
Read-Write 
Read-Write 


Floating-Point 
Arithmetic 


In the 80960MC, floating-point arithmetic has been 
made an integral part of the architecture. Having the 
floating-point unit integrated on-chip provides two 
advantages. First, it improves the performance of 
the chip for floating-point applications, since no 
additional bus overhead is associated with floating- 
point calculations, thereby leaving more time for oth- 
er bus operations such as 1/0. Second, the cost of 
using floating-point operations is reduced because a 
separate coprocessor chip is not required. 


The 80960MC floating-point 
(real number) data 
types include single-precision (32-bit), double-preci- 
sion (64-bit), and extended precision (80-bit) float- 
ing-point numbers. Any register may be used to exe- 
cute floating-point operations. 
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The processor provides hardware support for both 
mandatory and recommended portions of 
IEEE 
Standard 754 for floating-point arithmetic, including 
all arithmetic, exponential, logarithmic, and other 
transcendental functions. Table 3 shows execution 
times for some representative instructions. 


Table 3. Sample Floating-Point Execution 
Times (/Ls)at 25 MHz 


32-Bit 
64-Bit 


Add 
0.4 
0.5 
Subtract 
0.4 
0.5 
Multiply 
0.7 
1.3 
Divide 
1.3 
2.9 


Square Root 
3.7 
3.9 
Arctangent 
10.1 
13.1 
Exponent 
11.3 
12.5 
Sine 
15.2 
16.6 
Cosine 
15.2 
16.6 


Multitasking 
Support 


Multitasking programs commonly involve the moni- 
toring and control of an external operation, such as 
the activities of a process controller or the move- 
ments of a machine tool. These programs generally 
consist of a number of processes that run indepen- 
dently of one another, but share a common data- 
base or pass data among themselves. 
. 


The 80960MC offers several hardware functions de- 
signed to support multitasking systems. One unique 
feature, called self-dispatching, allows a processor 
to 
switch 
itself 
automatically among scheduled 
tasks. When self-dispatching is used, all the operat- 
ing system is required to do is place the task in the 
scheduling queue. 


When the processor becomes available, it dis- 
patches the task from the beginning of the queue 
and then executes it until it becomes blocked, inter- 
rupted, or until its time-slice expires. It then returns 
the task to the end of the queue (i.e., automatically 
reschedules it) and dispatches the next ready task. 


During these operations, no communication be- 
tween the processor and the operating system is 
necessary until the running task is complete or an 
interrupt is issued. 


Synchronization 
and Communication 


The 80960MC also offers instructions to set up and 
test semaphores to ensure that concurrent tasks 
remain synchronized and no data inconsistency 
results. Special data structures, known as communi- 
cation ports, provide the means for exchanginq 
parameters and data structures. Transmission of in- 
formation by means of communication ports is asyn- 
chronous and automatically buffered by the proces- 
sor. 


Communication between tasks by means of ports 
.can be carried out independently of the operating 
system. Once the ports have been set up by the 
programmer, the processor handles the message 
passing automatically. 


High Bandwidth 
Local Bus 


An 80960MC CPU resides on a high-bandwidth ad- 
dress/data bus known as the local bus (L-Bus). The 
L-Bus provides a direct communication path be- 
tween the processor and the memory and I/O sub- 
system interfaces. The processor uses the local bus 
to fetch instructions, manipulate memory, and re- 
spond to interrupts. Its features include: 


• 32-bit multiplexed address/data path 
• Four-word burst capability, which allows transfers 
from 1 to 16 bytes at a time 


• High bandwidth reads and writes at 66.7 MBytes 
per second 


• Special signal to indicate whether a memory 
transaction can be cached 


Figure 5 identifies the groups of signals which con- 
stitute the L-Bus. Table 4 lists the function of the L- 
Bus and other processor-support signals, such as 
the interrupt lines. 
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LOCAL BUS\ 
LOCAL BUS SIGNAL GROUPS 
\ 


ADDRESS/DATA 
(32 
LINES) 
<----------.; 
CONTROL (ADDRESS,DATA, 
and 
OPERATION SIGNALS - 15 LINES) 
< 
; 
ARBITRATION (2 
LINES) 
271080-3 


Figure 5, Local Bus Signal Groups 
, 


Multiple Processor Support 


One means of increasing the processing power of a 
system is to run two or more processors in parallel. 
Since microprocessors are not generally designed to 
run in tandem with other processors, designing such 
a system is usually difficult and costly. 


The 80960MC solves this problem by offering a 
number of functions to coordinate the actions of 
multiple processors. First, messages can be passed 
between processors to initiate actions such as flush- 
ing a cache, stopping or starting another processor, 
or preempting a task. The messages are passed on 
the bus and allow multiple processors to run togeth- 
er smoothly, with rare need to lock the bus or memo- 
ry. 


Second, a set of synchronization instructions help 
maintain the coherency of memory. These instruc- 
tions permit several processors to modify memory at 
the same time without inserting inaccuracies or am- 
biguities into shared data structures. 


The self-dispatching mechanism, in addition to being 
used in single-processor systems, provides the 
means to increase the performance of a system 
merely by adding processors. Each processor can 
either work on the same pool of tasks (sharing the 
same queue with other processors) or can be re- 
stricted to its own queue. 


When processors perform system operations, they 
synchronize themselves by using atomic operations 
and sending special messages between each other. 
And Changingthe number of processors in a system 


never requires a software change. Software will exe- 
cute correctly regardless of the number of proces- 
sors in the system; systems with more processors 
simply execute faster. 


Interrupt Handling 


The 80960MC can be interrupted in one of two 
ways: by the activation of one of four interrupt pins 
or by sending a message on the processor's data 
bus. 


The 80960MC is unusual in that it automatically han- 
dles interrupts on a priority basis and tracks pending 
interrupts through its on-chip interrupt controller. 
Two of the interrupt pins can be configured to pro- 
vide M8259A handshaking for expansion beyond 
four interrupt lines. 


An interrupt message is made up of a vector number 
and an interrupt priority. If the interrupt priority is 
greater than that of the currently running task, the 
processor accepts the interrupt and uses the vector 
as an index into the interrupt table. If the priority of 
the interrupt message is below that of the current 
task, the processor saves the information in a sec- 
tion of the interrupt table reserved for pending inter- 
rupts. 


Debug Features 


The 80960MC has built-in debug capabilities. There 
are two types of breakpoints and six different trace 
modes. The debug features are controlled by two 
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Interagent 
Communications 
(lAC) 
internal 32-bit registers, the Process-Controls Word 
and the Trace-Controls Word. By setting bits in 
these control words, a software debug monitor can 
closely control how the processor responds during 
program execution. 


The 80960MC has both hardware and software 
breakpoints. It provides two hardware breakpoint 
registers on-chip which can be set by a special com- 
mand to any value. When the instruction pointer 
matches the value in one of the breakpoint registers, 
the breakpoint will fire, and a breakpoint handling 
routine is called automatically. 


The 80960MC also provides software breakpoints 
through the use of two instructions, MARK and 
FMARK. These instructions can be placed at any 
point in a program and will cause the processor to 
halt execution at that point and call the breakpoint 
handling routine. The breakpoint mechanism is easy 
to use and provides a powerful debugging tool. 


Tracing is available for instructions (single-step exe- 
cution), calls and returns, and branching. Each dif- 
ferent type of trace may be enabled separately by a 
special 
debug 
instruction. 
In 
each 
case, 
the 
80960MC executes the instruction first and then 
calls a trace handling routine (usually part of a soft- 
ware debug monitor). Further program execution is 
halted until the trace routine is completed. When the 
trace event handling routine is completed, instruc- 
tion execution resumes at the next instruction. The 
80960MC's tracing mechanisms, which are imple- 
mented completely in hardware, greatly simplify the 
task of testing and debugging software. 


FAULT DETECTION 


The 80960MC has an automatic mechanism to 
handle faults. There are ten fault types including 
trace, arithmetic, and floating-point faults. When the 
processor detects a fault, it automatically calls the 
appropriate fault handling routine and saves the cur- 
rent instruction pointer and necessary state informa- 
tion to make efficient recovery possible. The proces- 
sor posts diagnostic information on the type of fault 
to a Fault Record. Like interrupt handling routines, 
fault handling routines are usually written to meet 
the needs of a specific application and are often in- 
cluded as part of the operating system or kernel. 


For each of the ten fault types, there are numerous 
subtypes that provide specific information about a 
fault. For example, a floating-point fault may have its 
subtype set to an Overflow or Zero-Divide fault. The 
fault handler can use this specific information to re- 
spond correctly to the fault. 


In order to coordinate their actions, processors in a 
multiple processor system need a means for com- 
municating with each other. The 80960MC does this 
through a mechanism known as Interagent Commu- 
nication messages or IACs. 


lAC messages cause a variety of actions including 
starting and stopping processors, flushing instruc- 
tion caches and TLBs, and sending interrupts to oth- 
er processors in the system. The upper 16 Mbytes of 
the processor's physical memory space is reserved 
for sending and receiving lAC messages. 


BUILT-IN 
TESTABILITY 


Upon reset, the 80960MC automatically conducts an 
exhaustive internal test of its major blocks of logic. 


Then, before executing its first instruction, it does a 
zero check sum on the first eight words in memory 
to ensure that the system has been loaded correctly. 
If a problem is discovered at any point during the 
self-test, the 80960MC will assert its FAILURE pin 
and will not begin program execution. The self-test 
takes approximately 47,000 cycles to complete. 


System manufacturers can use the 80960MC's self- 
test feature during incoming parts inspection. No 
special diagnostic programs need to be written, and 
the test is both thorough and fast. The self-test ca- 
pability helps ensure that defective parts will be dis- 
covered before systems are shipped, and once in' 
the field, the self-test makes it easier to distinguish 
between problems caused by processor failure and 
problems resulting from other causes. 


COMPATIBILITY 
WITH 80960K-SERIES 


Application programs written for the 80960K-Series 
microprocessors can be run on the 80960MC with- 
out modification. The 80960K-Series instruction set 
forms the core of the 80960MC's instructions, so bi- 
nary compatibility is assured. 
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CHMOS 
CMOS 
processes 
and opens 
a new 
era in micro- 
processor 
performance. 
It combines 
the 
high per- 
The 80960MC 
is fabricated 
using Intel's 
CHMOS 
IV 
formance 
capabilities 
of 
Intel's 
industry-leading 
(Complementary 
High Speed 
Metal Oxide Semicon- 
HMOS 
technology 
with 
the 
high 
density 
and 
low 
ductor) 
process. 
This 
advanced 
technology 
elimi- 
power 
characteristics 
of CMOS. 
The 
80960MC 
is 
nates the frequency 
and reliability 
limitations 
of older 
available 
at 16, 20 and 25 MHz. 


Table 
4a. 80960MC 
Pin Description: 
L-Bus Signals 


Symbol 
Type 
Name and Function 


CLK2 
I 
SYSTEM CLOCK 
provides the fundamental 
timing for 80960MC 
systems. 
It is 
divided by two inside the 80960MC 
to generate 
the internal processor 
clock. CLK2 
is shown in Figure 9. 


LAD31 
I/O 
LOCAL 
ADDRESS/DATA 
BUS carries 32-bit physical addresses 
and data to and 


-LADo 
T.S. 
from memory. 
During an address (Tal cycle, bits 2-31 
contain a physical word 
address (bits 0-1 
indicate 
SIZE; see below). During a data (Td) cycle, bits 0-31 
contain 
read or write data. The LAD lines are active HIGH and float to a high 
impedance 
state when not active. 


SIZE, which is comprised 
of bits 0-1 
of the LAD lines during a 
Ta cycle, specifies 
the size of a transfer 
in words for a burst transaction. 
LAD 1 
LAD 0 


0 
0 
1 Word 
0 
1 
2 Words 
1 
0 
3 Words 
1 
1 
4 Words 


ALE 
0 
ADDRESS-LATCH 
ENABLE 
indicates 
the transfer 
of a physical address. 
ALE is 
T.S. 
asserted 
during aT a cycle and deasserted 
before the beginning 
of the Td state. It 
is active LOW and floats to a high impedance 
state when the processor 
is idle or 
is at the end of any bus access. 


ADS 
0 
ADDRESS 
STATUS 
indicates 
an address state. ADS is asserted 
every Ta state 
O.D. 
and deasserted 
during the the follow~tate. 
For a burst transaction, 
ADS is 
asserted 
again every Td state where READY was asserted 
in the previous 
cycle. 


W/R 
0 
WRITE/READ 
specifies, 
during aT a cycle, whether 
the operation 
is a write or 
0.0. 
read. It is latched on-chip and remains valid during Td and Tw states. 


DT/R 
0 
DATA TRANSMIT/RECEIVE 
indicates 
the direction 
of data transfer to and from 
0.0. 
the L-Bus. It is low during Ta, Twand Td cycles for a read or interrupt 
acknowledgement; 
it is high during Ta, Twand Td cycles for a write. DT/A never 
changes 
state when DEN is asserted 
(see Timing Diagrams). 


DEN 
0 
DATA ENABLE 
is asserted 
during Td and Tw cycles and indicates 
transfer 
of data 
0.0. 
on the LAD bus lines. 


READY 
I 
READY indicates 
that data on LAD lines can be sampled 
or removed. 
If READY is 
not asserted 
during a Td cycle, the Td cycle is extended 
to the next cycle by 
inserting wait states (Tw), and ADS is not asserted 
in the next cycle. 


LOCK 
I/O 
BUS LOCK prevents 
other bus masters from gaining control of the L-Bus 
0.0. 
following 
the current cycle (if they would assert LOCK to do so). LOCK is used by 
the processor 
or any bus agent when it performs 
indivisible 
Read/Modify/Write 
(RMW) operations. 


For a read that is designated 
as a RMW-read, 
LOCK is examined. 
if asserted, 
the 
processor 
waits until it is not asserted; 
if not asserted, 
the processor 
asserts 
LOCK during the Ta cycle and leaves it asserted. 


A write that is designated 
as an RMW-write 
deasserts 
LOCK in the Ta cycle. 


1/0 = Input/Output, 0 = Output, I = Input, 0.0. = Open-Drain. T.S. = three state 


Ta = T Address. 
T d = T Data. 
T W = T Wail> T r = T Recovery. 
Ti = Tldle. 
T h = T Hold 
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Table 4a. 80960MC 
Pin Description: 
L·Bus Signals (Continued) 


Symbol 
Type 
Name and Function 


BE3-BEo 
0 
BYTE ENABLE LINES s~ify 
which data bytes (up to four) on the bus take part 
0.0. 
in the current bus cycle. BE3 corresponds 
to LAD31-LAD24 
and BEo corresponds 
to LADr 
LADo. 


The byte enables are provided 
in advance 
of data. The byte enables asserted 
during Ta specify the bytes of the first data word. The byte enables 
asserted 
during Td specify the bytes of the next data word (if any), that is, the word to be 
transmitted 
following 
the next assertion 
of READY. The byte enables during the 
Td cycles preceding 
the last assertion 
of READY are undefined. 
The byte enables 
are latched on-chip and remain constant 
from one Td cycle to the next when 
READY is not asserted. 


For reads, the byte enables 
specify the byte(s) that the processor 
will actually use. 


80960MC's 
will assert only adjacent 
byte enables 
(e.g., asserting 
just BEo and 
BE2 is not permitted), 
and are required to assert at least one byte enable. 
Accesses 
must also be naturally aligned (e.g., asserting 
BE1 and BE2 is not 
allowed even though they are adjacent). 
To produce 
address bits Ao and A1 
externally, 
they can be decoded 
from the byte enables. 


HOLD 
I 
HOLD indicates 
a request from a secondary 
bus master to acquire the bus. If the 
(HLDAR) 
processor 
is initialized as the primary bus master this input will be interpreted 
as 
HOLD. When the processor 
receives 
HOLD and grants another 
master control 
of 
the bus, it floats its three-state 
bus lines, asserts HOLD ACKNOWLEDGE, 
and 
enters the T h state. When HOLD is deasserted, 
the processor 
will deassert 
HOLD 
ACKNOWLEDGE 
and go to either the Tj or Ta state. 


HOLD ACKNOWLEDGE 
RECEIVED 
indicates 
that the processor 
has acquired 
the bus. If the processor 
is initialized 
as the secondary 
bus master this input is 
interpreted 
as HLDAR. 
, 


HOLD timing is shown in Figure 11. 


HLDA 
0 
HOLD ACKNOWLEDGE 
relinquishes 
control of the bus to another 
bus master. If 
(HOLDR) 
T.S. 
the processor 
is initialized as the primary bus master this output will be interpreted 
as HLDA. When HOLD is deasserted, 
the processor 
will deassert 
HLDA and go to 
either the Tj or Ta state. 


HOLD REQUEST 
indicates 
a request to acquire the bus. If the processor 
is 
initialized as the secondary 
bus master this output will be interpreted 
as HOLDR. 


HOLD timing is shown in Figure 11_ 


CACHE 
0 
CACHE indicates 
if an access is cacheable 
during aT a cycle. The CACHE signal 
T.S. 
floats to a high impedance 
state when the processor 
is idle. 


I/O = Input/Output. 
0 = Output. 
I = Input. 0.0. = Open-Drain. 
T.S. = three 
state 


Ta = T Address. 
T d = T Data. 
T W = T Wait. 
Tr = T Recovery. 
Ti = Tldle. 
T h = T Hold 
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Table 
4b 80960MC 
Pin Description- 
Module 
Support 
Signals 
.' 


Symbol 
Type 
Name and Function 


BADAC 
I 
BAD ACCESS, 
if asserted 
in the cycle following 
the one in which the last READY 
of a transaction 
is asserted. 
indicates 
that an un recoverable 
error has occurred 
on 
the current bus transaction. 
or that a synchronous 
load/store 
instruction 
has not 
been acknowledged. 


-- 
STARTUP: 
During system reset, the BADAC signal is interpreted 
differently. 
If the 
signal is high. it indicates 
that this processor 
will perform 
system initialization. 
If it 
is low. another 
processor 
in the system will perform 
system initialization 
instead. 


RESET 
I 
RESET clears the internal logic of the processor 
and causes it to re-initialize. 


During RESET assertion. 
the input pins are ignored (except for BADAC and 
lAC/INTo), 
the tri-state 
output pins are placed in a high impedance 
state, and 
other output pins are placed in their non-asserted 
state. 


RESET must be asserted 
for at least 41 CLK2 cycles for a predictable 
RESET. 


The HIGH to LOW transition 
of RESET should occur after the rising edge of both 
CLK2 and the external bus CLK. and before the next rising edge of CLK2. 


RESET timing is shown in Figure 10. 


FAILURE 
0 
INITIALIZATION 
FAILURE 
indicates 
that the processor 
has failed to initialize 
0.0. 
correctly. 
After RESET is deasserted 
and before the first bus transaction 
begins, 
FAILURE is asserted 
while the processor 
performs 
a self-test. 
If the self-test 
completes 
successfully, 
then FAILURE 
is deasserted. 
Next. the processor 
performs 
a zero checksum 
on the first eight words of memory. 
If it fails. FAILURE 
is asserted 
for a second time and remains asserted; 
if it passes. system 
initialization 
continues 
and FAILURE 
remains deasserted. 


N.C. 
N/A 
NOT CONNECTED 
indicates 
pins should not be connected. 
Never connect 
any 
pin marked N.C. 


lAC 
I 
INTERAGENT 
COMMUNICATION 
REQUEST /INTERRUPT 
0 indicates 
either 
(INTo) 
that there is a pending lAC message 
for the processor 
or an interrupt. 
The bus 
interrupt control 
register determines 
in which way the signal should be interpreted. 
To signal an interrupt 
or lAC request in a synchronous 
system. this pin (as well as 
the other interrupt 
pins) must be enabled 
by being deasserted 
for at least one bus 
cycle and then asserted 
for at least one additional 
bus cycle; in an asynchronous 
system, the pin must remain deasserted 
for at least two bus cycles and then be 
asserted 
for at least two more bus cycles. 


LOCAL 
PROCESSOR 
NUMBER: 
This signal is interpreted 
differently 
during 
system reset. If the signal is at a high voltage 
level, it indicates 
that this processor 
is a primary bus master (Local Processor 
Number = 0); if it is at a low voltage 
level. it indicates 
that this processor 
is a secondary 
bus master (Local Processor 


Number = 1). 


INT1 
I 
INTERRUPT 
1, like INTo. provides 
direct interrupt 
signaling. 


INT2 
I 
INTERRUPT 
2/1NTERRUPT 
REQUEST: 
The bus control 
registers 
determines 
(INTR) 
how this pin is interpreted. 
If INT 2. it has the same interpretation 
as the INTo and 
INT1 pins. If INTR. it is used to receive an interrupt 
request from an external 
interrupt controller. 


INT3 
I/O 
INTERRUPT 
3/INTERRUPT 
ACKNOWLEDGE: 
The bus interrupt 
control 
register 


(INTA) 
0.0. 
determines 
how this pin is interpreted. 
If INT 3. it has the same interpretation 
as 
the INTo. INT1. and INT 2 pins. If INTA. it is used as an output to control 
interrupt- 


acknowledge 
bus transactions. 
The INTA output is latched on-chip and remains 
valid during Td cycles; as an output. it is open-drain. 


I/O = Input/Output. 0 = Output. I = Input. 0.0. = Open-Drain. T.S. = three state 


Ta = T Address. 
T d = T Data. 
T W = T Wait. 
Tr = T Recovery. 
Ti = Tldle. 
T h = T Hold 
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ELECTRICAL 
SPECIFICATIONS 
Power and Grounding 


The a0960MC is implemented in CHMOS III technol- 
ogy and has modest power requirements. Its high 
clock frequency and numerous output buffers (ad- 
dress/data, 
control, error and arbitration signals) 
can cause power surges as multiple output buffers 
drive new signal levels simultaneously. For clean on- 
chip power distribution at high. frequency, 12 vcc 
and 13 Vss pins separately feed functional units of 
the a0960MC. 


Power and ground connections must be made to all 
power and ground pins of the a0960MC. On the cir- 
cuit board, all vcc pins must be strapped closely 
together, preferably on a power plane. Likewise, all 
Vss pins should be strapped together, preferably on 
a ground plane. 


Power Decoupling 
Recommendations 


Liberal decoupling capacitance should be placed 
near the a0960MC. The processor can cause tran- 
sient power surges when driving the l-Bus, particu- 
larly when it is connected to a large capacitive load. 


low 
inductance capacitors and interconnects are 
recommended for best high frequency electrical per- 
formance. Inductance can be reduced by shortening 
the board traces between the processor and decou- 
pling capacitors as much as possible. 


Connection 
Recommendations 


For reliable operation, always connect unused in- 
puts to an appropriate signal level. In particular, if 


Low Drive 
Network: 
• VOH = 3.42V 
• IOL = 25.3 mA 


Ycc 


180n 
80960t.4C 
OPEN-DRAIN :1--0-" 
OUTPUT 
390n 


271080-27 


one or more interrupt lines are not used, they should 
be pulled up or down to their respective deasserted 
states. No inputs should ever be left floating. 


All open-drain outputs require a pullup device. While 
in some cases a simple pullup resistor will be ade- 
quate, we recommend a network of pullup and pull- 
down resistors biased to a valid VIH (~ 3.4V) and 
terminated in the characteristic impedance of the cir- 
cuit board. Figure 6 shows our recommendations for 
the resistor values for both a low and high current 
drive network, which assumes that the circuit board 
has a characteristic impedance of 1000.. The advan- 
tage of terminating the output signals in this fashion 
is that it limits signal swing and reduces AC power 
consumption. 


Characteristic 
Curves 


Figure 7 shows the typical supply current require- 
ments over the operating temperature range of the 
processor at supply voltage (Vcel of 5V. Figure a 
shows the typical power supply current (Icel re- 
quired by the a0960MC at various operating fre- 
quencies when measured at three input voltage 
(Vcellevels. 


Figure 9 shows the typical capacitive derating curve 
for the a0960MC measured from 1.5V on the system 
clock (ClK) to o.av on the falling edge and 2.0V on 
the rising edge of the l-Bus address/data (LAD) sig- 
nals. 


130n 
80960t.4C 
OPEN-DRAIN 
OUTPUT 
280n 


,.,. 
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High Drive Network: 
'VOH 
= 3.41V 
• IOL = 33.8 mA 


Figure 6. Connection 
Recommendations 
for Low and High Current 
Drive Networks 
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vcc ~ 5.0V 


80960MC 


Vcc = 5.DV 


-------+---+----.~~--+---- 
•.•. 
• 
25WHz 


•••••• 
~O-~---oD 
__ 
<lO 
20WHz 


--------------..:. 
16WH:r: 


-60 
-40 
-20 
0 
20 
40 
60 
80 
100 
120 
140 


CASE 
1'[WPE ••••l\JRE 
("Cl 


(DATA POINTS TAKEN 0 
-60, 
-5, 
25, 95, 1300c) 
271080-29 


Figure 
7. Typical 
Supply 
Current 
(Icc) 


Test Load Circuit 


Figure 10 illustrates 
the load circuit used to test the 
80960MC's 
tristate 
pins, and 
Figure 
11 shows 
the 
load circuit used to test the open drain outputs. 
The 
open drain test uses an active load circuit in the form 
of a matched 
diode bridge. Since the open-drain 
out- 
puts sink current, 
only the IOL legs of the bridge are 
necessary 
and the IOH legs are not used. When the 
80960MC 
driver under test is turned 
off, the output 
pin is pulled 
up to VREF (Le., VOH). Diode 
01 
is 
turned 
off and the IOL current 
source 
flows through 
diode 02. 


When the 80960MC 
open-drain 
driver under test is 
on, diode 
01 is also on, and the voltage 
on the pin 
being tested 
drops 
to VOL. Diode 
D2 turns off and 
IOL flows through 
diode 01. 


'~: 
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1450 
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400 
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V 
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.. 
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.. 
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Figure 
8. Typical 
Current 
vs Frequency 
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80960MC 
TRISTATE 
OUTPUT 


Figure 
9. Capacitive 
Derating 
Curve 
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Figure 
10. Test Load Circuit 
for 
TRI-STATE 
Output 
Pins 


80960MC 
OPEN-DRAIN 
OUTPUT 
01 
o---....,.---+III--...L.- 
..•+---o VREF 
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Figure 
11. Test Load Circuit 
for Open-Drain 
Output 
Pins 
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ABSOLUTE 
MAXIMUM 
RATINGS· 
NOTICE: This data sheet 
contains 
information 
on 
products in the sampling and initial production phases 
of development. 
The specifications 
are subject 
to 
change without notice. 


Case Temperature 
under Bias(7) 
- 55·C to + 125·C 


Storage Temperature 
- 65·C to + 150·C 


Voltage on Any Pin 
-0.5V 
to vcc + 0.5V 


Power Dissipation 
2.6W (25 MHz) 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 


"Operating 
Conditions" 
is not recommended 
and ex- 
tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 
D.C. CHARACTERISTICS 


80960MC: 
TCASE(6) = - 55·C to + 125·C, Vcc = 5V ± 5 % 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


Vll 
Input Low Voltage 
-0.3 
+0.8 
V 


VIH 
Input High Voltage 
2.0 
vcc + 0.3 
V 


VCl 
CLK2 Input Low Voltage 
-0.3 
+0.8 
V 
, 


VCH 
CLK2 Input High Voltage 
0.55 VCC 
VCC + 0.3 
V 
) 


VOl 
Output Low Voltage 
0.45 
V 
(1,5) 


VOH 
Output High Voltage 
2.4 
V 
(2,4) 


tee 
Power Supply Current: 


16MHz 
375 
mA 
20MHz 
420 
mA 
25MHz 
480 
mA 


III 
Input Leakage Current 
±15 
p,A 
OS: vo s: VCC 


ILO 
Output Leakage Current 
±15 
p,A 
0.45 s: Vo s: vcc 


CIN 
Input Capacitance 
10 
pF 
IC = 1 MHz(3) 


Co 
I/O or Output Capacitance 
12 
pF 
fC = 1 MHz(3) 


CClK 
Clock Capacitance 
10 
pF 
IC = 1 MHz(3) 


8JA 
Thermal 
Resistance 
(Junction-to-Ambient) 
Pin Grid Array 
21 
·C/W 
Ceramic Quad Flatpack 
29 
·C/W 


8JC 
Thermal 
Resistance 
(Junction-to-Case) 
Pin Grid Array 
4 
·C/W 
Ceramic Quad Flatpack 
8 
·C/W 


, 


NOTES: 
1. For three-state outputs. this parameter is measured at: 
Address/Data ............................................................•............................. 
4.0 mA 
Controls ..............................................•..........•..................................... 
5.0 mA 
2. This parameter is measured at: 


Address/Data ...........................•............................................................ 
-1.0 
mA 
Controls .................................................•........................................... 
-0.9 
mA 
ALE ........................................................................•........................ 
-5.0 
mA 
3. Input. output. and clock capacitance are not tested. 
4. Not measured on open-drain outputs. 
5. For open-drain outputs ....................................................................•............. 
25 mA 
6. Case temperatures are "instant on". 
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This section 
describes 
the AC specifications 
for the 
S0960MC 
pins. 
All 
input 
and 
output 
timings 
are 
specified 
relative to the 1.5V level of the rising edge 
of CLK2, 
and refer to the time at which 
the signal 


reaches 
(for output delay and input setup) or leaves 
(for hold time) the TTL levels of LOW (O.SV) or HIGH 
(2.0V). All AC testing should be done with input volt- 
ages of 0.4V and 2.4V, except 
for the clock 
(CLK2), 


which should 
be tested 
with input voltages 
of 0.45V 
and 0.55 vcc. 


AC SPECIFICATIONS 


EDGE 


CLK2 


OUTPUTS: 


LAD3t-LADo' 


ADS. 


W/ii.DEN. 
BE3-BEo: 


HLDA/HOLDR. 
CACHE 
LOCK.INTA 


DT/ii 


INPUTS: 


LAD3t-LADo• 


BADAC. 


lAC/INTO.INTt• 


INT2/INTR•iNT 3 


HOLD.HLDAR. 
LOCK. 


READY 


271080-4 


NOTE 1: 
For Tri-State 
pins. T6 and T9 are measured 
at 1.5V. 
For Open-Drain 
pins. T6 is measured 
at 1.5V. T9 at O.BV. 


Figure 12. Drive Levels and Timing Relationships 
for 80960MC 
Signals 
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Figure 13. Timing Relationship 
of L-Bus Signals 
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A.C. Specification 
Tables 
80960MC 
A.C. Characteristics 
(16 MHz) 
TCASE(3) = - 55°C to + 125°C. VCC = 5V ± 5% 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


T1 
Processor 
Clock 
31.25 
125 
ns 
VIN = 1.5V 
Period (CLK2) 


T2 
Processor 
Clock 
8 
ns 
VIL = 10% Point 
Low Time (CLK2) 
= 1.2V 


T3 
Processor 
Clock 
8 
ns 
VIH = 90% Point 
High Time (CLK2) 
= 0.1V + 0.5 VCC 


T4 
Processor 
Clock 
10 
ns 
VIN = 90% Point to 10% 


Fall Time (CLK2) 
Point 


T5 
Processor 
Clock 
10 
ns 
VIN = 10% Point to 90% 
Rise Time (CLK2) 
Point 


T6 
Output Valid 
2 
25 
ns 
CL = 100 pF (LAD) 
Delay 
CL = 75 pF (Controls) 


T6H 
HOLDA Output 
4 
31 
ns 
CL = 75 pF 
Valid Delay 


T7 
ALE Width 
15 
ns 
CL = 75 pF 


Ta 
ALE Invalid Delay 
0 
20 
ns 
CL = 75 pF(2) 


Tg 
Output Float 
2 
20 
ns 
CL = 100 pF (LAD) 
Delay 
CL = 75 pF (Controls)(2) 


TgH 
HOLDA Output 
4 
20 
ns 
CL = 75 pF 
Float Delay 


T10 
Input Setup 1 
3 
ns 
(Note 1) 


Tll 
Input Hold 
5 
ns 
(Note 1) 
. 


TllH 
HOLD Input Hold 
4 
ns 


T12 
Input Setup 2 
8 
ns 


T13 
Setup to ALE 
10 
ns 
CL = 100 pF (LAD) 
Inactive 
CL = 75 pF (Controls) 


T14 
Hold after ALE 
8 
ns 
CL = 100 pF (LAD) 
Inactive 
CL = 75 pF (Controls) 


T15 
Reset Hold 
3 
ns 


T16 
Reset Setup 
5 
ns 


T17 
Reset Width 
1281 
ns 
41 CLK2 Periods Minimum 


NOTES: 
1. IAC/lNTo. INT1. INT2/1NTR.INT3 can be asynchronous. 
2. A float condition occurs when the maximum output current becomes less than ILO.Float delay is not tested. but should be 
no longer than the valid delay. 
3. Case temperatures are "instant on". 
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A.C. Specification 
Tables (Continued) 
80960MC 
A.C. Characteristics 
(20 MHz) 
TCASE(3) = 
-55°C 
to + 125°C, VCC = 5V ±5% 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


T1 
Processor 
Clock 
25 
125 
ns 
VIN = 1.5V 
Period (ClK2) 


T2 
Processor 
Clock 
6 
ns 
VIL = 10% Point 
low 
Time (ClK2) 
= 1.2V 


T3 
Processor 
Clock 
6 
ns 
VIH = 90% Point 
High Time (ClK2) 
= 0.1V + 0.5 VCC 


T4 
Processor 
Clock 
10 
ns 
VIN = 90% Point to 10% 
Fall Time (ClK2) 
Point 


T5 
Processor 
Clock 
10 
ns 
VIN = 10% Point to 90% 
Rise Time (ClK2) 
Point 


Ts 
Output Valid 
2 
20 
ns 
CL = 60 pF (LAD) 
Delay 
CL = 50 pF (Controls) 


TSH 
HOlDA 
Output 


c 
4 
26 
ns 
CL = 50 pF 
Valid Delay 


T7 
ALE Width 
12 
ns 
CL = 50 pF 
, 


Ta 
ALE Invalid Delay 
0 
20 
ns 
CL = 50 pF(2) 


T9 
Output Float 
2 
20 
ns 
CL = 60 pF (LAD) 
Delay 
CL = 50 pF (Controls)(2) 


T9H 
HOlDA 
Output 
4 
20 
ns 
CL = 50 pF 
Float Delay 


T10 
Input Setup 1 
3 
ns 
(Note 1) 


T11 
Input Hold 
5 
ns 
(Note 1) 


T11H 
HOLD Input Hold 
4 


I 
ns 


T12 
Input Setup 2 
7 
ns, 


T13 
Setup to ALE 
10 ' 
ns 
CL = 60 pF (LAD) 
Inactive 
CL = 50 pF (Controls) 


T14 
Hold after ALE 
8 
ns 
CL = 60 pF (LAD) 
Inactive 
CL = 50 pF (Controls) 


T15 
Reset Hold 
3 
ns 


T1S 
Reset Setup 
5 
ns 


T17 
Reset Width 
1025 
ns 
41 ClK2 
Periods Minimum 


NOTES: 
1. lAC/INTo, INT1, INT2/INTR, INT3 can be asynchronous. 
2. A float condition occurs when the maximum output current becomes less than ILO.Float delay is not tested, but should be 
no longer than the valid delay. 
3. Case temperatures are "instant on". 


5-28 


intJ 
80960MC 


A.C. Specification 
Tables 
(Continued) 
80960MC 
A.C. Characteristics 
(25 MHz) 
TCASE(3) = 
-55°C 
to + 125°C, VCC = 5V ±5% 


Symbol 
Parameter 
Min 
Max 
Units 
Test Conditions 


T1 
Processor 
Clock 
20 
125 
ns 
VIN = 1.5V 
Period (CLK2) 


T2 
Processor 
Clock 
5 
ns 
VIL = 10% Point 
Low Time (CLK2) 
= 1.2V 


T3 
Processor 
Clock 
5 
ns 
VIH = 90% Point 
High Time (CLK2) 
= 0.1V + 0.5 VCC 


T4 
Processor 
Clock 
r 
10 
ns 
VIN = 90% Point to 
Fall Time (CLK2) 
10% Point 


Ts 
Processor 
Clock 
10 
ns 
VIN"" 
10% Point to 
Rise Time (CLK2) 
90% Point 


T6 
Output Valid 
2 
19 
ns 
CL = 60 pF (LAD) 
Delay 
CL = 50 pF (Controls) 


T6H 
HOLDA Output 
4 
24 
ns 
CL = 50 pF 
Valid Delay 


T7 
ALE Width 
12 
ns 
CL = 50 pF 


Ta 
ALE Invalid 
0 
20 
ns 
CL = 50 pF(2) 
Delay 


T9 
Output Float 
2 
19 
ns 
CL = 60 pF (LAD) 
Delay 
CL = 50 pF (Controls)(2) 


T9H 
HOLDA Output 
4 
20 
ns 
CL = 50 pF 
Float Delay 


TlO 
Input Setup 1 
3 
ns 
(Note 1) 


T;1 
Input Hold 
5 
ns 
(Note 1) 


TllH 
HOLD Input Hold 
4 
ns 


T12 
Input Setup 2 
7 
ns 


T13 
Setup to ALE 
8 
ns 
CL = 60 pF (LAD) 
Inactive 
CL = 50 pF (Controls) 


T14 
Hold after ALE 


I 
8 
CL = 60 pF (LAD) 
ns 
Inactive 
CL = 50 pF (Controls) 


T1S 
Reset Hold 
3 
ns 


T16 
Reset Setup 
5 
ns 


Tu 
Reset Width 
820 
ns 
41 CLK2 Periods Minimum 


NOTES: 
1. lAC/INTo. INT1. INT2/INTR. INT3 can be asynchronous. 
2. A float condition occurs when the maximum output current becomes less than ILO.Float delay is not tested. but should be 
no longer than the valid delay. 
3. Case temperatures are "instant on". 
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Figure 14. Processor 
Clock Pulse (CLK2) 
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Design Considerations 


Input hold times can be disregarded by the designer 
whenever the input is removed because a subse- 
quent output from the processor is deasserted (e.g., 
DEN becomes deasserted). 


Figure 16_ Hold Timing 


When designing an 80960MC hardware system that 
uses the ICE-960MC to debug the system, several 
electrical and mechanical characteristics should be 
considered. These considerations include capacitive 
loading, drive requirement, power requirement, and 
physical layout. 


In other words, whenever the processor generates 
an output that indicates a transition into a subse- 
quent state, the processor must have sampled any 
inputs for the previous state. 


Similarly, whenever the processor generates an out- 
put that indicates 
a transition into a subsequent 
state, any outputs that are specified to be three stat- 
ed in this new state are guaranteed to be three stat- 
ed. 


Designing for the ICE-960MC 


The 80960MC In-Circuit Emulator assists in debug- 
ging 80960MC hardware and software designs. The 
product consists of a probe module, cable, and con- 
trol unit. Because of the high operating frequency of 
80960MC systems, the probe module connects di- 
rectly to the 80960MG socket. 


The ICE-960MC probe module increases the load 
capacitance of each line by up to 25 pF. It also adds 
one standard Schottky TTL load on the CLK2 line, 
up to one advanced low-power Schottky TTL load 
for each control signal line, and one advanced low- 
power Schottky TTL load for each address/data. and 
byte enable line. These loads originate from the 
probe module and are driven by the 80960MC proc- 
essor. 


To achieve high noise immunity, the ICE-960MC 
probe is powered by the user's system. The high- 
speed probe circuitry draws up to 1.1A plus the max- 
imum current (lee) of the 80960MC processor. 


The mechanical considerations are shown in Figum 
17, which illustrates the lateral clearance require- 
ments for the ICE-960MC probe as viewed from 
above the socket of the 80960MC processor. 
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MECHANICAL 
DATA 


Figure 17.ICE-960MC 
Lateral Clearance 
Requirements 


Package Dimensions 
and Mounting 


Pin Assignment 


The 80960MC is packaged in a 132-lead ceramic pin 
grid array and a 164-lead ceramic quad flatpack. The 
80960MC pin grid array pinout as viewed from the 
substrate side of the component is shown in Figure 
18 and from the pin side in Figure 19. The 80960MC 
ceramic quad flatpack pinout as viewed from the top 
of the package is shown in Figure 20. 


vcc and GND connections must be made to multi- 
ple vcc and GND pins. Each vcc and GND pin must 
be connected to the appropriate voltage or ground 
and externally strapped close to the package. Pref- 
erably, the circuit board should include power and 
ground planes for power distribution. Tables 5, 6, 7 
and 8 list the function of each pin. 


NOTE: 
Pins identified as N.C., "No Connect," should never 
be connected under any circumstances. 


Pins in the pin grid array package are arranged 
0.100 inch (2.54mm) center-to-center, in a 14 by 14 
matrix, three rows around. (See Figure 21.) 


A wide variety of available sockets allow Iow-inser- 
tion or zero-insertion force mountings, and a choice 
of terminals such as soldertail, surface mount, or 
wire wrap. Several applicable sockets are shown in 
Figure 22. 


Package Thermal Specification 


The 80960MC is specified for operation when its 
case temperature is within the range of - 55°C to 
+ 125°C. The PGA case temperature should be 
measured at the center of the top surface opposite 
the pins as shown in Figure 23. The ceramic quad 
flatpack case temperature should be measured at 
the center of the lid on the top surface of the pack- 
age. 


WAVEFORMS 


Figures 24 through 30 show the waveforms for vari- 
ous transactions on the 80960MC's local bus. 
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14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 


P 
0' 
0' 
0' 
0' 
0' 
0' 
0' 
0' 
0' 
0' 
0' 
0' 
0' 
0' 
p 


Vee 
Vss 
N.C. 
N.C. 
N.C. 
N.C. 
N.C. 
N.C. 
N.C. 
N.C. 
N.C. 
N.C. 
N.C. 
Vee 


N 
0' 
0' 
0' 
0' 
0' 
0' 
0' 
0' 
0' 
0' 
0' 
0' 
0' 
0' 
N 
N.C. 
N.C. 
N.C. 
N.C. 
N.C. 
N.C. 
N.C. 
N.C. 
N.C. 
N.C. 
N.C. 
N.C. 
N.C. 
Vss 


t.l 
0' 
0' 
0' 
0' 
0' 
0' 
0' 
0' 
0' 
0' 
0' 
0' 
0' 
0' 
t.l 


N.C. 
N.C. 
N.C. 
Vee 
Yss 
N.C. 
N.C. 
N.C. 
N.C. 
Vee 
Vss 
Yss 
Vee 
N.C. 


L 
0' 
0' 
0' 
0' 
0' 
0' 
L 
N.C. 
N.C. 
Vss 
Vee 
N.C. 
DEN 


K 
0' 
0' 
0' 
0' 
0' 
0' 
K 
N.C. 
N.C. 
Vee 
Vss 
F'AIL 
BE3 


J 
0' 
0' 
0' 
0' 
0' 
0' 
J 
N.C. 
N.C. 
N.C. 
Yss 
BE2 
DT/R 


H 
0' 
0' 
0' 
0' 
0' 
0' 
H 
N.C. 
N.C. 
N.C. 
LOCK 
BEo 
W/R 
0' 
0' 
0' 
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0' 
0' 
0' 
G 
G 
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N.C. 
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READY LAD30 


F' 
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F' 
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Figure 18. MG80960MC 
Plnout-Vlew 
from Top (Pins Facing Down) 
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Figure 19. MG80960MC 
Plnout-Vlew 
from Bottom 
(Pins Facing Up) 
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Figure 20. MQa0960MC 
Plnout-View 
from Top of Package 
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Table5.MG80960MC 
(PGA) Plnout-In PinOrder 


Pin 
Signal 
Pin 
Signal 
Pin 
Signal 
Pin 
Signal 


A1 
Vcc 
C6 
LAD20 
H1 
W/R 
M10 
Vss 


A2 
Vss 
C7 
LAD1S 
H2 
BEo 
M11 
Vcc 


A3 
LAD19 
C8 
LAD8 
H3 
LOCK 
M12 
N.C. 


A4 
LAD 17 
C9 
LADs 
H12 
N.C 
M13 
N.C. 


A5 
LAD16 
C10 
Vcc 
H13 
N.C. 
M14 
N.C. 


A6 
LAD14 
C11 
Vss 
H14 
N.C. 
N1 
Vss 
A7 
LAD11 
C12 
INTs/INTA 
J1 
DT/R 
N2 
N.C. 


A8 
LAD9 
C13 
INT1 
J2 
BE2 
N3 
N.C. 


A9 
LAD7 
C14 
iAC/INTo 
J3 
Vss 
N4 
N.C. 


A10 
LADs 
01 
ALE 
J12 
N.C 
N5 
N.C. 


A11 
LAD4 
02 
ADS 
J13 
N.C. 
N6 
N.C. 


A12 
LAD1 
03 
HLDAlHLDR 
J14 
N.C. 
N7 
N.C. 


A13 
INT2/INTR 
012 
Vcc 
K1 
BEs 
N8 
N.C. 


A14 
Vcc 
013 
N.C. 
K2 
FAILURE 
N9 
N.C. 


B1 
LA02S 
I 
014 
N.C. 
K3 
Vss 
N10 
N.C. 


B2 
LAD24 
E1 
LAD28 
K12 
Vcc 
N11 
N.C. 


B3 
LAD22 
E2 
LAD26 
K13 
N.C. 
N12 
N.C. 


B4 
LAD21 
E3 
LAD27 . 
K14 
N.C. 
N13 
N.C. 


B5 
LAD18 
~ 
E12 
N.C. 
L1 
DEN 
N14 
N.C. 


B6 
LAD1S 
E13 
Vss 
L2 
N.C. 
P1 
Vcc 
B7 
LAD12 
E14 
N.C. 
L3 
Vcc 
P2 
N.C. 


B8 
LAD10 
F1 
LAD29 
L12 
Vss 
P3 
N.C. 


B9 
LAD6 
F2 
LADS1 
L13 
N.C. 
P4 
N.C. 


B10 
LAD2 
F3 
CACHE 
L14 
N.C. 
P5 
N.C. 


B11 
CLK2 
F12 
N.C. 
M1 
N.C. 
P6 
N.C. 


B12 
LADo 
F13 
N.C. 
M2 
\lcc 
P7 
N.C. 


B13 
RESET 
F14 
N.C. 
M3 
Vss 
P8 
N.C. 


B14 
Vss 
G1 
LADso 
M4 
Vss 
P9 
N.C. 


C1 
HOLD/HLDAR 
G2 
READY 
MS 
Vcc 
P10 
N.C. 


- C2 
-LAD2S 
G3 
BE1 
M6 
N.C. 
P11 
N.C. 


C3 
BADAC 
G12 
N.C. 
M7 
N.C. 
P12 
N.C. 


C4 
Vcc 
G13 
N.C. 
M8 
N.C. 
P13 
Vss 
C5 
Vss 
G14 
N.C. 
M9 
N.C. 
P14 
Vcc 


NOTE: 
Pins identified 
as N.C. ("No 
Connect") 
should 
never be connected 
under any circumstances. 
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Table 6. MG80960MC 
(PGA) Plnout-In 
Signal Order 


Signal 
Pin 
Signal 
Pin 
Signal 
Pin 
Signal 
Pin 


ADS 
02 
LAD15 
86 
N.G. 
J14 
N.G. 
P89 


ALE 
01 
LAD16 
A5 
N.G. 
K13 
N.G. 
P10 


8ADAC 
G3 
LAD17 
A4 
N.G. 
K14 
N.G. 
P11 


8Eo 
H2 
LAD18 
85 
N.G. 
L13 
N.G. 
P12 


8E1 
G3 
LAD19 
A3 
N.G. 
L14 
N.G. 
L2 


8E2 
J2 
LAD20 
G6 
N.G. 
M1 
N.G. 
G2 


8E3 
K1 
LAD21 
84 
N.G. 
M6 
READY 
813 


GAGHE 
F3 
LAD22 
83 
N.G. 
M7 
RESET 
A1 


GLK2 
811 
LAD23 
81 
N.C. 
MB 
Vcc 
A14 


DEN 
L1 
LAD24 
82 
N.C. 
M9 
Vcc 
C4 


DT/R 
J1 
LAD25 
C2 
N.C. 
M12 
Vcc 
C10 


FAILURE 
K2 
LAD26 
E2 
N.G. 
M13 
Vcc 
012 


HLDAlHOLDR 
03 
LAD27 
E3 
N.G. 
M14 
Vcc 
K12 


HOLD/HLDAR 
G1 
LAD28 
E1 
N.G. 
N2 
Vcc 
L3 


IAGIINTo 
G14 
LAD29 
F1 
N.C. 
N3 
Vcc 
M2 


INT1 
C13 
LAD30 
G1 
N.G. 
N4 
vcc 
M5 


INT2/1NTR 
A13 
LAD31 
F2 
N.G. 
N5 
Vcc 
M11 


INT3/1NTA 
G12 
LOGK 
H3 
N.C. 
N6 
Vcc 
P1 


LADo 
812 
N.C. 
013 
N.G. 
N7 
Vcc 
P14 


LAD1 
A12 
N.G. 
014 
N.G. 
N8 
Vss 
A2 


LAD2 
810 
N.G. 
E12 
N.G. 
N9 
Vss 
814 


LAD3 
G9 
N.C. 
E14 
N.C. 
N10 
Vss 
C5 


LAD4 
A11 
N.G. 
F12 
N.G. 
N11 
Vss 
C11 


LAD5 
A10 
N.G. 
F13 
N.C. 
N12 
Vss 
E13 


LAD6 
89 
N.G. 
F14 
N.G. 
N13 
Vss 
J3 


LAD7 
A9 
N.G. 
G12 
N.G. 
N14 
Vss 
K3 


LAD8 
GB 
N.G. 
G13 
N.G. 
P2 
Vss 
L12 


LAD9 
A8 
N.C. 
G14 
N.G. 
P3 
Vss 
M3 


LAD10 
88 
N.G. 
H12 
N.G. 
P4 
Vss 
M4 


LAD11 
A7 
N.G. 
H13 
N.G. 
P5 
Vss 
M10 


LAD12 
87 
N.G. 
H14 
N.C. 
P6 
Vss 
N1 


LAD13 
G7 
N.G. 
J12 
N.G. 
P7 
Vss 
P13 


LAD14 
A6 
N.G. 
J13 
N.G. 
P8 
W/R 
H1 


NOTE: 
Pins identified 
as N.C. ("No 
Connect") 
should 
never 
be connected 
under any circumstances. 
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Table 7. MQa0960MC 
(CQP) Plnout-In 
Pin Order 


Pin 
Signal 
Pin 
Signal 
Pin 
Signal 
Pin 
Signal 
1 
BEo 
42 
LAD 11 
83 
N.C. 
124 
N.C. 


2 
BE3 
43 
LAD12 
84 
Vcc 
125 
Vss 
3 
READY 
44 
LAD9 
85 
N.C. 
126 
Vcc 
4 
BE1 
45 
LAD10 
86 
N.C. 
127 
N.C. 
5 
CACHE 
46 
LAD7 
87 
Vss 
128 
N.C. 


6 
DT/R 
47 
LAD8 
88 
N.C. 
129 
N.C. 


7 
LAD31 
48 
LADs 
89 
N.C. 
130 
N.C. 


8 
W/R 
49 
LAD6 
90 
N.C. 
131 
N.C. 


9 
LAD29 
50 
LAD4 
91 
N.C. 
132 
N.C. 


10 
LAD30 
51 
LAD1 
92 
N.C. 
133 
N.C. 
11 
LAD27 
52 
CLK2 
93 
N.C. 
134 
N.C. 


12 
LAD28 
53 
INT2 
94 
N.C. 
135 
N.C. 


13 
ALE 
54 
LAD3 
95 
N.C. 
136 
N.C. 


14 
LAD26 
55 
LAD2 
96 
N.C. 
137 
N.C. 


15 
ADS 
56 
LADo 
97 
N.C. 
138 
N.C. 


16 
HLDA 
57 
RESET 
98 
N.C. 
139 
N.C. 
17 
N.C. 
58 
INT3 
99 
N.C. 
140 
N.C. 


18 
Vss 
59 
INT1 
100 
Vcc 
141 
N.C. 


19 
Vcc 
60 
Vss 
101 
N.C. 
142 
N.C. 


20 
Vss 
61 
Vcc 
102 
N.C. 
143 
N.C. 


21 
Vcc 
62 
Vss 
103 
Vss 
144 
N.C. 


22 
Vcc 
63 
Vcc 
104 
N.C. 
145 
N.C. 
23 
Vss 
64 
Vss 
105 
N.C. 
146 
N.C. 
24 
Vcc 
65 
Vcc 
106 
N.C. 
147 
N.C. 


25 
Vss 
66 
Vss 
107 
N.C. 
148 
N.C. 


26 
Vcc 
67 
Vcc 
108 
N.C. 
149 
N.C. 


27 
HOLD 
68 
N.C. 
109 
N.C. 
150 
N.C. 


28 
BADAC 
69 
N.C. 
110 
N.C. 
151 
N.C. 


29 
LAD2S 
70 
N.C. 
111 
N.C. 
152 
N.C. 
30 
LAD24 
71 
N.C. 
112 
N.C. 
153 
Vss 
31 
LAD23 
72 
N.C. 
113 
N.C. 
154 
Vcc 
32 
LAD21 
73 
N.C. 
114 
N.C. 
155 
N.C. 
33 
LAD22 
74 
N.C. 
115 
N.C. 
156 
N.C. 
34 
LAD19 
75 
INTo 
116 
N.C. 
157 
N.C. 
35 
LAD20 
76 
N.C. 
117 
N.C. 
158 
Vss 
36 
LAD17 
77 
N.C. 
118 
N.C. 
159 
N.C. 
37 
LAD18 
78 
N.C. 
119 
Vss 
160 
LOCK 
38 
LAD16 
79 
N.C. 
120 
Vcc 
161 
FAIL 
39 
LAD1S 
80 
N.C. 
121 
N.C. 
162 
DEN 
40 
LAD14 
81 
N.C. 
122 
N.C. 
163 
BE2 
41 
LAD13 
82 
N.C. 
123 
N.C. 
164 
Vss 


NOTE: 
Pins identified 
as N.C. ("No 
Connect") 
should 
never be connected 
under 
any circumstances. 
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Table 8.MQ80960MC 
(CQP) Plnout-In SignalOrder 


Signal 
Pin 
Signal 
Pin 
Signal 
Pin 
Signal 
Pin 


ADS 
15 
LAD23 
31 
N.G. 
102 
N.G. 
148 


ALE 
13 
LAD24 
30 
N.G. 
104 
N.G. 
149 


BADAC 
28 
LAD25 
29 
N.G. 
105 
N.G. 
150 


BEo 
1 
LAD26 
14 
N.G. 
106 
N.G. 
151 


BE1 
4 
LAD27 
11 
N.G. 
107 
N.G. 
152 


BE2 
163 
LAD28 
12 
N.G. 
108 
N.G. 
155 


BE3 
2 
LAD29 
9 
N.G. 
109 
N.G. 
156 


GAGHE 
5 
LAD30 
10 
N.G. 
110 
N.G. 
157 


GLK2 
52 
LAD31 
7 
N.G. 
111 
N.G. 
159 


DEN 
162 
LOGK 
160 
N.G. 
112 
READY 
3 


DT/R 
6 
N.G. 
17 
N.G. 
113 
RESET 
57 


FAILURE 
161 
N.G. 
68 
N.G. 
114 
Vcc 
19 
HLDAlHOLDR 
16 
N.G. 
69 
N.G. 
115 
Vcc 
21 
HOLD/HLDAR 
27 
N.G. 
70 
N.G. 
116 
Vcc 
22 
IACIINTo 
75 
N.G. 
71 
N.G. 
117 
Vcc 
24 


INT1 
59 
N.G. 
.72 
N.G. 
118 
Vcc 
26 


INT211NTR 
53 
N.G. 
73 
N.G. 
121 
Vcc 
61 


INT311NTA 
58 
N.G. 
74 
N.G. 
122 
Vcc 
63 


LADo 
56 
N.G. 
76 
N.G. 
123 
Vcc 
65 


LAD1 
51 
N.G. 
77 
N.G. 
124 
Vcc 
67 


LAD2 
. 
. 55 
N.G. 
78 
N.G. 
127 
Vcc 
84 


LAD3 
54 
N.G. 
79 
N.G. 
128 
Vcc 
100 


LAD4 
50 
N.G. 
80 
N.G. 
129 
Vcc 
120 


LAD5 
48 
N.C. 
81 
N.C. 
130 
Vcc 
126 


LAD6 
49 
N.C. 
82 
N.C. 
131 
Vcc 
154 


LAD7 
46 
N.C. 
83 
N.C. 
132 
Vss 
18 


LAD8 
47 
N.C. 
85 
N.G. 
133 
Vss 
20 
LAD9 
44 
N.C. 
86 
N.G. 
134 
Vss 
23 


LAD10 
45 
N.C. 
88 
N.C. 
135 
Vss 
25 


LAD11 
42 
N.C. 
89 
N.C. 
136 
Vss 
60 


LAD12 
43 
N.C. 
90 
N.C. 
137 
Vss 
62 


LAD13 
41 
N.C. 
91 
N.C. 
138 
Vss 
64 


LAD14 
40 
N.C. 
92 
N.C. 
139 
Vss 
66 


LAD15 
39 
N.C. 
93 
N.C. 
140 
Vss 
87 


LAD16 
38 
N.C. 
94 
N.C. 
141 
Vss 
103 


LAD17 
36 
N.C. 
95 
N.G. 
142 
Vss 
119 


LAD18 
37 
N.C. 
96 
N.G. 
143 
Vss 
125 


LAD19 
34 
N.C. 
97 
N.C. 
144 
Vss 
153 
LAD20 
35 
N.C. 
98 
N.C. 
145 
Vss 
158 


LAD21 
32 
N.C. 
99 
N.C. 
146 
Vss 
164 
LAD22 
33 
N.C. 
101 
N.C. 
147 
W/R 
8 


NOTE: 
Pins identified 
as N.C. ("No 
Connect") 
should 
never be connected 
under 
any circumstances. 
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CIN 
#1 
POSITION 


1 
.@@@@@@'I@@@@@@@ 


2 
@@@@@@@@@@@@@@ 


3 
@@<il@@@@'@@@@<il@@ 


4 
@@@ 
@@@ 


5 
@@@ 
@@@ 


6 
@@@ 
I 
@@@ 


7 
@@@ 
+ 
@@@ 
8 
-@@@ 
-- 
-- 
@@@ 


9 
@@@ 
I 
@@@ 


10 
@@@ 
@@@ 


11 
@@@ 
@@@ 


12 
@@<il@@@@,@@@@ 
@@ 


13 
@@@@@@@I@@@@@@@ 


14 
@@®®@@@,@@@@@@@ 


A 
B 
C 
D 
E 
F" 
G 
H 
J 
K 
L 
t.4 
N 
P 11 
.020 (0.508) 
.020 
-...j 


t.4IN TYP 
(0.508) 


.070 (1.777) DIA 
TYP BRAZE PAD 
1-----1.450 
(36.802) 
• 


.725 (18.401) 


.650 (16.497) 


.550 (13.959) 


.450 (11.421) 


.350 (8.883) 


.250 (6.345) 


.150 (3.807) 


.050 (1.269) 
o 


.057(1.269) lt 
t.4AX TYP 


.001 (0.025) R 


t.4IN TYP 


SWEDGE PIN 
STANDOFF" 
(4) PLACES 


.018 (0.47) 1 
DIA TYP 
_ 


.165(4.189~1 
~ 


.110(2:Jj 


Figure 
21. A 132-Lead 
Pin-Grid 
Array 
(PGA) Used to Package 
the MG80960MC 


271080-12 
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• Low insertion 
force 
(LlF) soldertail 
55274-1 
• Amp 
tests 
indicate 
50% 
reduction 
in 
insertion 
force 
compared 
to 
machined 
sockets 
Other 
socket 
options 
• Zero 
insertion 
force 
(ZIF) 
soldertail 
55583-1 
• Zero 
insertion 
force 
(ZIF) 
Burn-in 
version 
55573-2 
Amp 
Incorporated 
(Harrisburg, 
PA 17105 
U.S.A 
Phone 
717-564-0100) 


Peel-A-Way' 
Mylar 
and Kapton 
Socket 
Terminal 
Carriers 


• Low insertion force surface 
mount 
CSI32-37TG 


• Low insertion 
force 
soldertail 
CS132-OHG 


• Low insertion 
force 
wire-wrap 
CS132-02TG 
(two-level) 
CS132-03TG 
(thee-level) 


• Low insertion 
force 
press-fit 
CS132-05TG 


Advanced 
Interconnections 
(5 Division 
Street) 
Warwick, 
RI 02818 
U.S.A. 


Phone 
401-885-0485) 


AMP LIF SOCKET 
55274-1 


271080-13 


Cam 
handle 
locks 
in low profile 
position 
when 
MG80980MC 
is installed 
(handle 
UP for open 
and DOWN 
for closed 
positions). 


Courtesy 
Amp Incorporated 


Peel-A-Way 
Carrier 
No. 132: 


Kapton 
Carrier 
is KS 132 
Mylar 
Carrier 
is MS 132 


Molded 
Plastic 
Body 
KS132 
is shown 
below: 


'OOT PIUHT NO. 182 
IJ 
~r-.10C1TYP 


14.14.,ROWa 


IOlDUlT ••••.~1 
LO."'OALl-04 
.••••• m ..• 
r la r 


~ 
:iii 
:iii 
.'"-± 
. 
-t 


:iti 
~ 
~ 
.:!!!.OIA. 
~~~.... 
.- 
~A. 


"'="" 
!!:rill:' 


MM 
WRAP.fI21-t3 
IOLDt:III 
TAtL·S3 
IUIII,ACEIrIIOUNTING·S7 


H 


N:IL·A-WAY 
!~ 
:iii 


W1 


.'" 
....•. 


~ 


•. 
ILIYIl. 
J.!!. 
1&."'" 
.,. 
Ij ,LRWL 
--L 
£-11- 
..... 


271080-14 


271080-15 
Courtesy 
Advanced 
Interconnections 
(Peel-A-Way 
Terminal 
Carriers 
U.S. Patent 
No. 4442938) 


·Peel-A-Way 
is a trademark 
of Advanced 
Interconnections. 


Figure 22. Several Socket 
Options for Mounting 
the MG80960MC 
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Figure 24. System and Processor 
Clock Relationship 


271080-17 


MEASURE 
CASE 
TEMPERATURE 
AT 
CENTER 
OF 
TOP 
SURFACE 


CLK2 


CLK 


271080-16 


Figure 23. Measuring 
MG80960MC 
PGA 
Case Temperature 
(T c) 
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Figure 25. Read Transaction 
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Ta 
Td 
T. 
T. 


CLK2 


CLK 


LAD31- 


LADO 


ALE 


ADS 


BE3-BEo 


W/R 


DT/R 


DEN 


READY 


271080-19 


Figure 26. Write Transaction 
with One WaH State 
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Figure 27. Burst Read Transaction 


Figure 28. Burst Write Transaction 
with One Wait State 
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PREVIOUSt 
INTERRUPTr. 
IDLE 
~ 
INTERRUPT 
.: 
CYCLE 
ACKNOWlEOGEWENT 
(5 SUS STATES) 
ACKNOWlEOGEWENT 
CYCLE 1 
CYCLE2 


T 
T 
To 
Td 
r, 
T, 
T, 
. 
T, 
T, 
T, 
To 
Td 
Tw 
Tr 


ClK \.F.r:lr'lr .r:.r:lr'lr'J""'J' .r:lr'lr'~ 
'-- 


_--./ 
'\..."" ~"""0-.""~ ~""~ 
0.."",," -0-.""" 0..""" ~"""-0-."""~""~ 
[\.""""-0-.""" 0 


- - 
0.."",," -0-.""~ :--x 
ADDRX DATA x..,."" ~"""0-.""~ ~""~ 
0-.""~ -0-.",,~ 
~ 
ADDRx..,.,,~ 
t--XVECTOR~"'. '0 ~ 
-- 
-- 
-- 


\./ 
~~ 
-0.."'."'.'-' 0."'."'.'0-0.."'."'.~ ~ 
"'. 
"'. 
"'. "-0.."'."'.'-' 0-.'\./ 
~ 
~ 


"-- 


/ 
x.,J 
r:-- 
~.~ 
'\ 
/ 
\. 


~ 
~ 
~""~ 
0-.""~ ~ 
k-,.~~ 
0..'-'0-."'."'.'0-0.."'."'.~ 
,,," 


r:- 
"-- 


V 
\. 


\. 
/ 
- ~ 
; 


'J - 
\./ 


.\.. 
I- 
,. 


INTR 


DT/R 
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Figure 29. Interrupt 
Acknowledge 
Transaction 
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psw SUS 
STATE 
SBW BUS 


STATE 


Ta 
Td 
Th 
Th 


Thr 
rhr 
Thr 
Ta 


~ 
~ 
~ 
~ 
~ 
~ 


T, 
Thr 
Thr 
Thr 
Thr 
Ta 
T, 


T, 


T, 


elK "'lrlr lr lrlrlrlrlrlrlrlr.r:.r:.r:J' '-. 


~ADOR 
X DATA ~,-" 
f;XADOR 
X DATA }(\.'-~~ADOR 
X DATA X DATA }(\.'-'" 
~ADOR 
X DATA X DATA ~'-'" '0..'-'-'" ~ 


~~ 
~ 
~ 
A,-'" 
:::7 
~ 
?I 
\.'-'-'" 
'0..'-'-" ~ 


~~ 
'\.'-'-'" ~'-'-~ 
'0..,-,' 
c-:-: ,~ / 
~'-'" '0..'-'-'" 
10."'-'" 
'0..'-'-'" 10..'-'-~ '0..'-'-'" ~ 
,~'-'-~ 
'0..'-'-'" ~'-'-~ 


,,\. / 


i ""'~ 
10-"''''~~,-,-"10..'-'-'"~,-,-,-"10..,/ 
,,'-'" 10..'-'-~ ~ 


lA 
V\ 
\ '/ 
\ '/ 
\. 
'/ 
\. 
V 


~ 
\....... V 
\. 


~ 
l/'-~ 
P 
I~ 
1I. 


f- 
t--. 
/ 
IY 
~ 
( 
~ 


/ 
\. 
/ 
\.... I- 


W/R 


PBW ALE 


SBW ALE 


SBW 
HOlDR 


PSW 
HOLD 


PSW 


HlDA 


SSW 


HlDAR 


Figure 30. Bus Exchange 
Transaction 
(PBM = Primary 
Bus Master, SBM = Secondary 
Bus Master) 
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Revision History 


1, 20 MHz timing specifications 
were added. 


2. Pin 158, ceramic 
quad pack, (see Figure 20) changed 
from NC (No Connect) 
to VSS. 
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FAULT TOLERANT BUS EXTENSION UNIT 
Military 
• Multiprocessor 
Support 
• Message 
Passing 
- 
Connect 
up to 32 Processor 
and 
- 
Supports 
Interagent 
Communication 


Memory 
Modules 
In a Single System 
- 
Redundant 
Error Reporting 
Network 
• Multiple 
Bus Support 
with No External 
• Two 1/0 Prefetch 
Channels 
Logic 
- 
Provides 
High-Bandwidth, 
Low 
- 
Connect 
up to Four 32-Blt Buses for 
Latency 
Access to Memory 
or 1/0 
High-Bandwidth 
Access to 
for Sequential 
Transfers 
Interleaved 
Memory 
• Memory 
Module Support 
• Software-Transparent 
Fault Tolerance 
-Interfaces 
Discrete 
Memory 
- 
Recover 
from a Single-Point 
Failure 
Controller 
and DRAM Array to AP- 
In a Module or Bus without 
Affecting 
Bus 
Program 
Execution 
• Advanced 
CHMOS 
III Technology 
• Cache Control 
Support 
• Advanced 
Package 
Technology 
- 
Provides 
Directory, 
Coherency 
- 
132 Lead Ceramic 
Pin Grid Array 
Logic, and Control 
Signals for a 
-164 
Lead Ceramic 
Quad Flatpack 
Two-Way 
Set-Associative 
Cache 
- 
Single BXU Supports 
16 Kbytes 
• Military Temperature 
Range: 
- 
Combine 
up to Four BXUs to 
-55°C to + 125°C (Tc) 
Support 
64 Kbytes 


The M82965 
Bus Extension 
Unit (BXU) is the key to building multiprocessor 
and fault-tolerant 
systems with the 
80960MC 
32-bit microprocessor. 
BXUs connect 
to each other in an expandable 
matrix that can support 
up to 
32 processor 
and memory 
modules 
in a single, 
high-performance 
system. 
No external 
interface 
logic is re- 
quired. The BXU increases 
overall 
system 
performance 
by providing 
hardware 
support 
for local caches, 
I/O 
prefetch, 
message 
passing, and multiprocessor 
arbitration. 
Through 
redundant 
modules, 
fault-tolerant 
systems 
based 
on the 
BXU can sustain 
a single-point 
failure 
and then 
reconfigure 
themselves 
automatically, 
while 
application 
programs 
continue 
undisrupted. 
Truly a VLSI building 
block, 
the M82965 
BXU supports 
a wide 
range of fault tolerance 
and performance 
options 
to meet a diverse 
set of cost, performance, 
and reliability 
needs. 
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Figure 1. M82965 
Block Diagram 
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The M82965 Bus Extension Unit (BXU) is the key 
component in building multiprocessor and fault-toler- 
ant system designs with the 80960MC 32-bit micro- 
processor. Its primary function is to connect the Lo- 
cal bus (L-Bus) of a system module to a system-wide 
bus called the Advanced Processor Bus (AP-Bus), 
allowing the system to expand incrementally as 
each new module or AP-Bus is added. 


Several important features are provided within the 
BXU which streamline 80960MC multiprocessor sys- 
tem operation. To increase the available system bus 
bandwidth, multiple BXUs can be employed within 
each system module to support up to four AP-Buses. 
To reduce AP-Bus traffic, BXU components can di- 
rectly support a two-way set-associative cache. I/O 
prefetch channels are incorporated within each BXU 
to reduce the time necessary to transfer large blocks 
of data from shared system memory or I/O. BXUs 
support processor-to-processor communication by 
recognizing, storing, 
and 
exchanging 
Interagent 
Communication (IAG) messages with other BXUs 
along the AP-Bus. Requests for access to the AP- 
Bus are resolved through BXU arbitration logic 
which ensures that no system modules will suffer 
from resource starvation. 


BXUs 
support 
fault 
tolerant 
system 
operation 
through several mechanisms used to detect, isolate 
and recover from hardware errors. Paired BXUs 
monitor each other's operatioh on a cycle-by-cycle 


basis through a method called Functional Redun- 
dancy Checking (FRG). Errors on the AP-Bus are 
detected through interlaced parity bits on the ad- 
dress/ data and control lines, signal duplication on 
the transaction control lines, and a bus timer used to 
monitor the bus for non-response to a request. Re- 
covery mechanisms include the capability to marry 
FRC modules in a primary-shadow pair (Quad Modu- 
lar Redundancy}, so that if either fails, the surviving 
spouse can take over operations immediately. Tran- 
sient errors on the AP-Bus are automatically retried, 
and in the case of permanent errors, the failed bus is 
disabled and all memory accesses switched to a 
backup bus. 


MULTIPROCESSOR 
SUPPORT 


A multiprocessor 80960MC system is composed of 
a set of modules connected to an AP-Bus. Figure 2 
shows the three possible types of modules: active, 
passive, and the combination of both an active and 
passive module. Active modules contain up to two 
80960MC processors, cache or private memory, and 
a BXU. Passive modules contain a memory array 
and controller and a BXU. Active/Passive modules 
contain either processors and global memory, or 
master and slave I/O devices. 


ACTIVE WOOULE 
ACTIVE/PASSIVE 
WOOULE 


..-----. 
I CAQlE/PR~AlE 


I 
""""'" 
._---_ 
.. 


PASSIVE WODULE 
ACTIVE/PASSIVE 
WODULE 


AP-BUS1 
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Figure 2. Types of Modules 
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Local Bus 
Local 
Bus protocol 
permits 
both 
primary 
and 
sec- 
ondary 
bus masters 
to coexist 
on the bus (often 
a 
processor 
and' a DMA, or occasionally 
two proces- 
sors). A secondary 
bus master 
must obtain 
use of 
the L-Bus from the bus master 
through 
the use of 
HOLDR/HOLDAR. 
A BXU is always used as a mas- 
ter in a memory 
module 
and is generally 
used as a 
slave in a processor 
module. Fifty BXU pins are ded- 
icated 
to L-Bus and module 
support 
operations 
(in- 
cluding 
cache 
control). 
The L-Bus control 
registers 
are shown in Table 
1. 


In a multiprocessor 
system each module has its own 
Local 
Bus (t-Bus), which 
is typically 
confined 
to a 
single board. The L-Bus is provided 
to interconnect 
components 
within 
a module. 
It is a 32-bit 
multi- 
plexed, synchronous 
bus with a maximum 
bandwidth 
of 43 Mby1es per second 
at 16 MHz. 
It has been 
designed 
to interface 
with standard 
support 
compo- 
nents 
using 
minimal 
glue 
logic. 
The 
L-Bus 
uses 
HOLD/HOLDA 
for arbitration 
with 
bus slaves 
and 
LOCK for signaling 
indivisible 
operations. 
A READY 
signal can be used to lengthen 
bus transactions. 


Table 1 L Bus Control 
Registers 
. 
I 


Register 
Description 


Physical-ID 
(Local) 
This register contains 
a unique identifier for a specific 
BXU on the L-Bus. It 
corresponds 
to the AP-Bus Physical-ID 
register. 


Logical-ID 
(Local) 
This register holds the Logical-ID 
of the BXU. It corresponds 
to the AP-Bus 
Logical-ID 
register. 


LBI Control 
This is the major control 
register for BXU functions 
on the L-Bus. It is used to 
set the interleaving 
factor for the cache, determines 
if the BXU should act as 
a master on the L-Bus, and indicates 
whether 
the BXU is in memory or 
processor 
mode. 


System Bus ID 
This register uniquely identifies 
the BXU as attached 
to one of four AP-Buses. 


Local-Bus 
Test 
This register allows system diagnostics 
to check on the type of recognition 
that was done on the previous 
L-Bus request. 


Match 0 
The contents 
of this register determine 
which bits in the L-Bus address should 
be recognized 
by the BXU. This register provides 
a base address for a 
partition of memory recognized 
by the BXU. 


Mask 0 
The contents 
of this register determine 
if certain bits in the Match 0 register 
should be ignored (i.e., marked "don't 
care") 
during address recognition. 


Match 1 
Same function 
as Match Register O. 


Mask 1 
Same function 
as Mask Register O. 


Match 2 
Same function 
as Match Register O. 


Mask 2 
Same function 
as Mask Register O. 


Private Memory Match 
Private memory address 
recognizer. 


Private Memory Mask 
Private memory mask register. 
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A highly 
optimized 
multiprocessing 
bus called 
the 
Advanced 
Processor 
Bus 
(AP-Bus) 
interconnects 
80960MC 
system 
modules. 
The AP-Bus 
is synchro- 
nous, in that all components 
in the system, including 
processors 
and BXUs, are driven by the same clock 
edge. It is a 32-bit multiplexed 
bus with a maximum 
bandwidth 
of 43 Mbytes 
per second 
at 16 MHz. 


Transactions 
over 
the 
AP-Bus 
are 
encoded 
into 
pairs of request and reply packets. 
A request packet 
defines 
the operation, 
amount 
of data, and the loca- 
tion (or address) 
where the transaction 
will occur. 
In 
the case of a write request, 
the packet 
will also in- 
clude 
data. 
The 
reply 
packet 
indicates 
whether 
or 
not the 
action 
completed 
successfully, 
and 
in the 
case of read replies, will also include 
the requested 
data. Table 2 lists the various types of AP-Bus oper- 
ations. 


The AP-Bus supports 
a pipelining 
feature that allows 
up to three 
requests 
to be pending 
at any time. Re- 
ply packets 
are .returned 
in the order requested 
un- 
less deferred, 
but requests 
and replies may be inter- 
mixed. For example, 
two requests 
may be made, fol- 
lowed by a single reply packet, then another 
request 
packet, 
before 
being completed 
by two reply pack- 
ets. 


The AP-Bus 
consists 
of 47 bi-directional 
signals, 
a 
clock 
signal, a RESET signal, and five module 
sup- 
port signals which are used to interface 
system mod- 
ules to the AP-Bus 
(see Figure 3). The BXU is the 
only component 
that attaches 
to the AP-Bus. 


BXUs connect 
to each other in the form of a matrix 
to allow orderly growth 
in the system by the addition 
of buses or modules. 
An 80960MC 
multiprocessing 
system allows up to 32 modules 
and four AP-Buses. 
In practice, 
the number 
of modules 
in a system 
will 
be somewhat 
less 
in order 
to meet 
the 
AP-Bus's 
timing 
and electrical 
specifications; 
a practical 
limit 
may be 20 to 25 connections 
to an AP-Bus. Table 3 
contains 
a summary 
of the functions 
of the AP-Bus 
Interface 
Registers. 


Table 2. Types of AP-Bus Operations 


Packet 
Base 
Specific 
Type 
Action 
Operation 


Request 
Write 
Write Word(s) 


RMW Write Word(s) 


Read 
Read Word(s) 


RMW Read Word(s) 


Reply 
Accepted 
Read Reply Word(s) 


Acknowledge 
(Write Reply) 


Refused 
Reissue 


Not Acknowledged 
(NACK) 


Bad Access 
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T,ransaction 
Control 
• Arbitration: 
ARB (3 ..0) 
• 
Reply Ordering: 
RPYDEF 


Packet 
Signals 


• 
Specification: 
SPEC (5 ..0) 
• 
Address/Data: 
AD (31..0) 


Error Signal 
Group 
• 
Check 
Signal: 
CHK (1 ..0) 
• 
Bus Error: (1 ..0) 


TRANSACTION CONTROL (5 
LINES) 
< 
> 
PACKET SIGNALS (38 
LINES) 
< 
> 
ERROR SIGNAL GROUP (4 
LINES) 
< 
> 
SYNCHRONIZATION 
(2 
LINES) 
< 
> 
MODULE SUPPORT (7 
LINES) 
271082-3 


Synchronization 
and Initialization 
Group 
• 
System 
Clock: 
CLK2 
• 
Initialization: 
RESET 


Module 
Support 
Group 
• 
Identification: 
INITID 
• 
Module 
Check: 
MODCHK 
• 
Bus Output 
Control: 
BOUT 
• 
Communication: 
COM 
• Voltage 
Reference: 
VREF 


• 
Pop Queue: 
POPQUE 
• 
Subsystem 
Busy: SSBUSY 


Figure 3. Advanced 
Processor 
Bus 
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Table 3. AP-Bus Interface Registers 


Register 
Description 


Physical 
ID 
This register contains 
a unique identifier 
for a specific 
BXU (or FRC pair of 
BXUs) on an Ap·Bus. 


Logical ID 
This register holds the logical ID for the BXU. In every case, all BXUs in the 
same module will share the same logical ID. When two modules 
are married 
in a QMR configuration, 
they will also share the same logical ID. 


Component 
The contents 
of this read-only 
register are fixed at manufacture 
and specify 
Specifier 
the type and stepping 
of the component. 


Arbitration 
ID 
When the BXU needs to issue a request on the AP·Bus, it must actively 
arbitrate 
for the bus. The time and order in which a BXU arbitrates 
is 
determined 
by the contents 
of this write-only 
register. 


Com 
This register is used for loading external information, 
such as the type of 
board the BXU resides on, into the BXU. The register is useful for both 
initialization 
and diagnostics. 


AP-Bus Control 
This register is the general control and status register for the BXU's AP-Bus 
interface. 


FT1 
Most of the BXU fault-tolerant 
capabilities 
can be selectively 
enabled 
by 
altering control 
bits in this register. 


Maxtime 
The value in this register determines 
the length of time that BXUs will remain 
quiescent 
following 
the beginning 
of an error report. 


FRC Splitting 
Writing to this register allows a master/checker 
pair of BXUs to be split into 
Control 
separately 
functioning 
components. 


FRC Register 
The contents 
of this register determine 
of a BXU is part of a master/checker 
pair and how the component 
responds 
if it is part of a QMR module. 


Test Detection 
Bits in this register enable parity logic and other internal self testing diagnostic 
features. 


AP Match 
Bits in this register are compared 
against the corresponding 
bits in the AP- 
Bus address cycle and determine 
which partition of the address space is 
recognized 
by this BXU. 


AP Mask 
If a bit in this register is cleared, it will cause the corresponding 
bit position 
in 
the Address 
Match register to be ignored during comparisons. 


Memory 
addressing 
over the AP-Bus 
is divided 
into 
16-byte 
blocks. 
The location 
of a bus transaction 
is 
defined 
by a 32·bit address. 
Each address 
points to 
a single byte that is part of a larger 16-byte block. All 
transactions 
are performed 
on a single block or por- 


tion of a block, and do not overlap 
multiple 
blocks. 


In Processor 
mode, 
the 
BXU supports 
cache, 
I/O 
prefetch 
and lAC message 
functions. 
The BXU can 
act as either 
a master 
or slave 
on the 
L-Bus 
and 
requests 
can flow 
in either 
direction 
between 
the 


AP-Bus and the L-Bus. The assumption 
is, however, 


that most traffic will flow from the L-Bus out onto the 
AP-Bus. 
In a processor-only 
module, 
there 
is no 


need for the BXU to participate 
in arbitration 
for the 


L-Bus, since it will operate 
only as a slave. 
Modes of Operation 


The 
BXU operates 
in either 
Processor 
or Memory 
mode. 
Processor 
mode provides 
support 
for Active 
or 
Active/Passive 
modules, 
while 
Memory 
mode 
supports 
Passive 
modules. 
The functions 
of several 
BXU signals 
are dependent 
on the operating 
mode 
of the BXU. 


In Memory 
mode, 
the 
BXU always 
operates 
as a 


master 
on the L-Bus and no requests 
are ever ac- 


cepted 
from 
the 
L-Bus. 
All requests 
flow 
from 
the 
AP-Bus into the module. 
In this mode, the BXU sup- 


ports memory 
functions 
and signaling, 
but does not 


provide 
caching 
or I/O prefetch. 
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Read-Modify-Write 
Transactions 


Read-Modify-Write 
(RMW) 
operations 
are provided 
to give BXUs the ability to read and modify a location 
as a single 
indivisible 
action. 
A RMW-Read 
opera- 
tion initiates 
the 
indivisible 
action 
by asserting 
the 
LOCK signal on the L-bus. A RMW-Write 
operation 
is used to terminate 
the action. 


When 
an RMW-Read 
transaction 
occurs, 
the block 
of memory addressed 
is marked by the BXU control- 
ling that portion 
of memory 
as locked 
(the lock cov- 
ers a fixed address 
space 
based 
on address 
bits 4 
and 6). Once locked, 
any other 
RMW-Reads 
to this 
block 
will be rejected, 
but the block 
remains 
avail- 


able for other types of memory 
operations. 


When an RMW-Read 
is issued, the BXU controlling 
the affected 
memory 
will either respond 
with data in 
a normal 
Read Reply (and set the appropriate 
lock), 
or it will respond with a Reissue Reply indicating 
that 
the requested 
block is already locked. 
If refused, the 
requesting 
BXU will wait a short interval and then put 
the RMW-Read 
request back into the arbitration 
pro- 
cess and try again. 


RMW-Writes 
are equivalent 
to Write Word(s) 
except 
that it resets the lock for that memory 
location. 
The 
only valid reply packet 
is the Ack (Write Reply). 


Interagent 
Communications 
(lAC) 
Support 


Bus Extension 
Units and 80960MC 
processors 
com- 


municate 
by 
sending 
Interagent 
Communication 
(lAC) messages, 
which are a set of memory-mapped 
addresses 
recognized 
by all BXUs. These messages 
are used for such system 
functions 
as initialization, 
cache 
flushing, 
access 
to error logs and interrupts. 


The upper 16 Mbytes 
of the 80960MC's 
4 Gigabyte 
address 
range 
are 
reserved 
for 
lAC 
communica- 
tions. 


lAC requests 
fall into two major groups: 
messages 
and register 
requests. 
Messages 
are sent between 
processors 
to cause a processor 
to perform 
a spe- 


.cific 
action 
(e.g., start, stop, flush 
cache, 
etc.) and 
are held in the lAC message 
support registers; 
Table 
4 summarizes 
the function 
of these 
four 
registers. 


Register 
requests 
are used by software 
to read and 
write to BXU registers 
in order to control 
the system 
operation 
or configuration. 


An lAC message 
always originates 
on an L-Bus and 
usually 
from 
a processor. 
From 
the originator, 
the 
request 
flows to the BXU where 
it may be handled 
internally 
or. propagated 
on to the AP-Bus. 
If the lAC 
is sent on to the AP-Bus, the final destination 
of the 
lAC (another 
BXU) must reside on that bus. The lAC 
will not be propagated 
onto 
another 
L-Bus 
or AP- 
Bus. lAC messages 
can be one to four words 
long. 


Although 
each L-Bus (processor 
or memory 
module) 


may be connected 
to as many as four AP-Buses, 
at 
any point in time only one bus will be designated 
as 
the message 
bus. All lAC messages 
will flow over 
that bus. The BXUs on the message 
bus are respon- 
sible for handling 
the lAC message 
traffic 
on behalf 
of the processors 
residing 
on their L-Bus (an L-Bus 
may support 
one or two processors). 


AP-Bus 
0 normally 
serves 
as the 
message 
bus. 
If' 


AP-Bus 0 is not lunctional, 
then Ap-Bus 
1 serves as 
the 
message 
bus, 
completely 
transparent 
to 
the 
software. 
Processors 
are unaware 
of which 
bus is 


actually 
acting as the message 
bus. 


1/0 Prefetch Support 


The BXU offers 
two 
1/0 
prefetch 
channels 
to pro- 
vide high bandwidth, 
low latency 
access 
to memory 
for 
sequential 
transfers. 
Each 
channel 
buffers 
32 
bytes of data in two 
16-byte 
blocks. 
As data is re- 


quested from the buffers, the BXU automatically 
pre- 


fetches 
the 
next 
data 
block. 
The 
BXU 
can 
take 


Table 4. lAC Support 
Registers 


Register 
Description 


Processor 
0 Priority 
This register holds the priority of the task (process) 
which Processor 
0 on the 
BXU's L-Bus is currently 
executing. 


Processor 
0 Message 
This register buffers four words of data from an lAC message for Processor 
O. 


Processor 
1 Priority 
This register holds the priority of the task (process) 
which Processor 
1 on the 
BXU's L-Bus is currently 
executing. 


Processor 
1 Message 
This register buffers four words of data from an lAC message for Processor 
1. 
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advantage of the three-deep AP-Bus pipeline to 
quickly fill the buffers if it ever gets behind because 
of momentary surges in AP-Bus traffic. In this way, 
the prefetch logic acts to provide stable, bounded 
response times, even in large multiprocessor config- 
urations. 


Because the normal operation of the BXU hides the 
latency of write requests by replying immediately on 
the L-Bus, the prefetch unit operates only for read 
requests. On a read request from the L-Bus,the pre- 
fetch logic returns the amount of data requested. 
Any processor or intelligent device used with the 
BXU must guarantee that it will split all .memory re- 
quests that cross 16-byte boundaries into two re- 
quests. 


Cache Support 


The main function of a cache is to provide local high 
speed storage for frequently accessed memory lo- 
cations. Storing the information locally, the cache 
intercepts memory references and handles them di- 
rectly without transferring the request to the AP-Bus. 
This action results in lower traffic on the AP-Bus and 
decreased latency on the L-Bus, leading to im- 


proved performance for a processor on the L-Bus. It 
also increases potential system performance in a 
multiprocessor system by reducing each processor's 
demand for AP-Bus bandwidth, thereby allowing 
more processors in a system. 


The BXU provides cache directory, coherency logic, 
and control signals, while external SRAM is used for 
data storage. A GACHE signal output from the 
80960MC processor indicates to the BXU whether a 
request is cacheable. The operation of the BXU 
cache is not dependent on the size of the data trans- 
fer and therefore can support partial writes. Both 
data and instructions can be contained within the 
local cache. 


The BXU supports a two-way, set associative cache 
with 64 sets. The (read address) tag field is 20 bits 
long and consists of LAD lines 31-12. There are 
eight bits that indicate if a line is valid (a line is 16 
bytes). The control bits in the cache control registers 
can be used to mask some of these bits to change 
cache configurations. All entries in the directory can 
be invalidated by sending an INVALIDATE CACHE 
Command to each BXU in the module. Figure 4 
shows one example of a BXU cache directory and 
its relation to L-Bus addresses. 


AP-BUS 
ADDRESS 
WAYO 


1-LAD12 
LAD12-LA~ 
LAD6-LAD. 
LAD3-LADo 
•.... -----. 
STORED ADDRESSES 
STORED ADDRESSES 
o -----. 
.. ~ -----. 
.. 0 
0 
E 


!r 
R --+ 
, 


•...--+ 
! 
•• 
. 


TAG 
,,' 


LINE SELECT 


.J, .•~ ," 
•••••• ~ ,~ 
I 
COWPARE 
I I 
COWPARE 
I 


WORD SELECT 
! 
1 
I 
ENCODER 
I 


WAY BIT 
I 


.. ~ 
.. ~ 
,,. 
~ 


TAG 


CACHE ADDRESS 
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SET 0 


SET 1 


SET 2 


SET 62 


SET 63 


Figure 4. Example 
of a Cache Directory 
Array 
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A single BXU supports 
16 Kbytes of cache. When a 
processor 
module 
uses 
multiple 
BXUs 
(and there- 
fore multiple 
buses), the BXUs cooperate 
to provide 
a larger directory 
and addressing 
for a larger cache. 
The best way to view this larger directory 
is to think 
of it as having an increased 
number of sets. Thus a 
cache 
managed 
by two BXUs will have a directory 
consisting 
of 128 sets instead 
of 64. The maximum 
size cache 
is 64 Kbytes 
(four BXUs supporting 
four 
AP-Buses 
per processor 
module). 


their own cache. If so, that line in the cache directory 
is marked 
invalid. This procedure 
guarantees 
that a 
BXU 
cache 
will 
always 
return 
correct 
data 
even 
when a system 
uses multiple 
caches; 
when multiple 
processors 
treat a single data item differently 
(some 
caching, 
some 
not), 
or when 
two 
processors 
are 
used on a single L-Bus. 


The cache 
is managed 
using a write-through 
policy 
that guarantees 
that the shared system 
memory will 
always 
have the most recent 
copy of all data; BXU 
caches 
never contain 
the only copy of revised data. 
Any time a processor 
updates 
a cache 
entry, 
it al- 
ways causes 
a write request 
on the AP-Bus, 
so that 
there 
are never any hidden 
updates. 
In addition, 
all 
BXUs monitor AP-Bus traffic to detect if an update is 
being 
made to a location 
which 
they are storing 
in 


An example 
of an SRAM control 
design using a sin- 
gle BXU is shown in Figure 5. The BXU supplies 
six 
memory control 
signals to interface 
the directory 
and 
control 
logic 
with 
an external 
cache 
composed 
of 
static 
RAM: Cache 
Read 
(CR), Cache 
Write 
(CW), 
WayO 
(WYO), 
Way1 
(WY1 ), 
WordO 
(WOO), 
and 
Word1 
(WD1 ). SRAM 
control 
also 
requires 
use of 
the L-Bus byte enable 
(BE3-BEO) 
signals 
and cer- 


tain address 
lines. To simplify 
latching 
the byte en- 
able signals, the BXU asserts 
READY on all address 
and recovery 
cycles as well as when it is transferring 
data. 
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Figure 5. Sample Cache SRAM Control 
Design Using a BXU 
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Figure 6. Cache Read Signal Timing for 35 ns SRAMs 
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Figure 7. Cache Write Signal Timing for 35 ns SRAMs 
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Figure 8. Cache Read Signal Timing for 70 ns SRAMs 


5-57 


inter 
M82965 


CLK2 


To 
TW 
TW 
TdO 
TW 
Td' 
T, 


~ 
~ 
~ 
~ 
~ 
~ 
~ 


Ir 
~ 


"""" 
~ 
~ 
~ 
J 
~ 
~ 
~ 
I\- 
-- 
- 
X 
[XXX 
ADDRESS 
XXX 
DATAo 
xxx 
DATA, 
.......... 


~ 
~XY 
YX>.. 
rl.Y 
YX>.. 
Uh 


YX>.. 
av 
YX>.. 
fl'I 


ADDRO 
)()()( 
ADDR, 


)()()()(f)(,... 


'\ 
/ 
\. 


.. 


\. 
/ 
\. 
/ 
. 


CLK3 


CACHE 


READY 


WYo 


271082-9 


Figure 9. Cache Write Signal Timing for 70 ns SRAMs 
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Figure 10. Cache Signal Timing for a 4-Word 
Read with a Cache Fill for 35 ns SRAMs 
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The BXU has four memory address recognizers for 
the L-Bus plus an additional recognizer for initializa- 
tion RAM. Three of the memory address recognizers 
(Mask2-0 
and Match2-0) 
map to shared system 
memory, while the fourth address recognizer maps 
requests to SRAM on the local bus, called private 
memory. The INIT-RAM recognizer serves two func- 
tions: it enables bootstrap software to use the 
SRAM cache as a scratch pad during system initiali- 
zation, and it provides the means for executing a 
memory test on the SRAM cache. The private mem- 
ory recognizer allows SRAM to be used on the local 
bus as normal memory in addition to a cache. Pri- 
vate memory is not accessable by other modules on 
the AP-Bus. 
. 


Memory Module Support 


When operating in Memory mode, the BXU is a Lo- 
cal Bus master and only handles requests inbound 
from the AP-Bus. The cache control logic is disabled 
since it is unnecessary in a memory module. 


A read request received by an idle BXU will be seen 
on the L-Bus 1.5 clock cycles after it was received 
on the AP-Bus. BXUs offer two reply speed options 
for inbound Read requests. The high-performance 
option, called the "fast reply" mode, allows data to 
flow onto the AP-Bus with only a half-cycle delay 
through the BXU. This option requires the L-Bus 
memory controller to be able to supply data on every 
clock cycle. In the "slow reply" .mode, the BXU buff- 
ers the entire AP-Bus reply packet before sending it 
onto the AP-Bus. This option permits the use of 
slower, less costly memory. 


Write 
requests 
are fully 
buffered 
before 
being 
passed to the L-Bus. Once the BXU has received an 
error-free packet, it initiates the L-Bus transaction. 
When the last data word has been accepted on the 
L-Bus, the BXU generates a reply on the AP-Bus. 


In memory mode, the BXU provides two or four 
Ready-Modify-Write locks with timeouts. Four locks 
are available if the module is not interleaved with 
other modules, two locks if it is interleaved. When 
interleaving occurs, address bit 4 is used as part of 
the address recognition for the module, which there- 
by restricts a module to use either locks 0 and 2, or 
1 and 3. This approach ensures that if a bus switch 
occurs, the locks that may have been allocated on 
the failed bus will not overlap with locks that are 
currently allocated on the surviving bus (since all 
traffic is rerouted to the surviving bus). 


FAULT TOLERANCE 


Three basic tenets form the basis for the implemen- 
tation of 80960MC fault tolerant systems. First, 


fault tolerant functions are achieved through the rep- 
lication of VLSI components. Second, the system is 
partitioned into a set of confinement areas which 
form the basis of error detection and recovery. Third, 
only bus-oriented communication paths are used to 
provide system communication. 


The BXU is unique in that it provides all the functions 
necessary to detect, isolate, and recover from a fail- 
ure in any single system module or AP-Bus. Unlike 
many other fault tolerant system designs, 80960MC 
systems do not rely on voter components for fault 
detection, thereby eliminating one potential source 
of single-point failures. Although the BXU registers 
must be initialized by software, all the fault tolerant 
mechanisms are built into the hardware, and correct 
fault recovery of a system built using the BXU does 
not depend on software intervention. 


The purpose of a confinement area is to inhibit dam- 
age from error propagation and to isolate the faulty 
area for subsequent recovery and repair. A confine- 
ment area is defined as a unit (system module or 
AP-Bus) that has a limited number of tightly con- 
trolled interfaces. Figure 11 shows the confinement 
areas within a small system. Detection mechanisms 
exist at every interface to ensure that no inconsist- 
ent data can leave the confinement area and corrupt 
other confinement areas. When a fault occurs in the 
system, it is immediately isolated to a confinement 
area. The fault is known to be in that confinement 
area, and all other confinement areas are known to 
be fault-free. All intermodule communication in an 
80960MC system occurs over buses. There are no 
point-to-point or daisy-chained signals. 


This arrangement makes 
modular growth and on- 
line repair possible since no signal definition is de- 
pendent on the number of resources in the system. 
The presence or absence of any module cannot pre- 
vent communication between any other modules. 
The AP-Bus provides a uniform communications 
matrix that allows multiprocessor and fault-tolerant 
systems to expand modularly. 


In 80960MC systems, there are three distinct steps 
in responding to an error. First, the error is detected 
and isolated to a confinement area. Next, the error is 
reported to all the modules in the system. This ac- 
tion prevents the incorrect data from propagating 
into another confinement area and provides all the 
modules with the information required to perform re- 
covery. Finally, the faulty confinement area is isolat- 
ed from the system. Recovery occurs through the 
application of redundant resources available in the 
system. Table 5 describes the fault-tolerant control 
registers. 
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Figure 11. Fault Confinement 
Areas in an 80960MC 
System 


Table 5. Fault Tolerance 
Support 
Registers 
and Commands 


Register 
Description 


TestType 
The Test Report command 
instructs 
the BXU to test the error reporting 
network. The type of error report generated 
is determined 
by the content 
of 
this register. 


Spouse ID 
In a QMR module, this register holds the module ID of the FRC module to 
which this module is married. 


QMR 
The contents 
of this register determine 
if a module is part of a QMR pair, and 
if it should function 
as the primary or shadow in the pair. 


Module Error ID 
Identifies the BXU as part of a specific 
module confinement 
area. 


Bus Error ID 
Determines 
the Bus ID contents 
in an error report. 


Error Log 
Records the type of the most recent error report received 
and the number of 
errors that have occurred 
Since the last Terminate 
Permanant 
Error Window 
command. 


Error Record 
Holds the contents 
of the previous error report. 


FT2 
Holds additional 
fault-tolerant 
control 
parameters. 


Test Report Command 
The Test Report command 
instructs 
the BXU to test the error reporting 
network. The type of error report generated 
is determined 
by the contents 
of 
the Test Type Register. 


Primary Catastrophe 
A write to this register causes a Primary Catastrophe 
error report, usually 
Command 
indicating 
a primary module power failure. 


Shadow Catastrophe 
A write to this register causes a Shadow Catastrophe 
error report, usually 
Command 
indicating 
a shadow 
module power failure. 


Terminate 
Permanent 
A write to this register closes the permanent 
error window, 
so that a 
Error Window 
reoccurance 
of a previous error is not recorded 
as permanent. 


Command 


Attach Bus Command 
A write to this register causes the identified 
bus to be attached 
to the system 
and become active. 


Detach Bus Command 
A write to this register causes the identified 
bus to be detached 
from the 
system and become 
inactive. 


Sync Refresh Command 
A write to this register causes BXUs in memory mode to assert their ForceRef 
pin and enables AP-Bus address matching. 
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Functional 
Redundancy 
Checking 


BXU components can be paired together to com- 
pare their outputs to ensure that they agree. This 
detection mechanism is called Functional Redun- 
dancy Checking (FRG) because identical compo- 
nents are used to check operations. 


At initialization time, one component in the BXU pair 
is selected to be the "Master", while the other is 
designated the "Checker". The Master BXU is re- 
sponsible for carrying out the normal operation of 
the system and behaves as it would if it were operat- 
ing in a non-fault tolerant system. The Checker BXU, 
in contrast, disables its AP-Bus outputs and instead 
monitors the AP-Bus pins of the Master (see Figure 
12). The Checker BXU is responsible for duplicating 
the operation of the Master and using its internal 
comparison circuitry to detect any inconsistency be- 
tween its result and the output of the Master. 


The Master and Checker BXUs run in lock step, 
comparing operations cycle-by-cycle. If at any point 
the Master or Checker disagree, an FRC error will be 
signaled and an error reporting cycle will begin. 


When using the FRC mechanism, the BXU pins 
comprising the electrical connection to the AP-Bus 
must be connected together. A BXU provides FRC 
coverage on the AD, SPEC, BOUT and MODCHK 
pins. 


Failures in the Checker's AP-Bus drivers can be de- 
tected by reversing the role of the Master and 
Checker BXU. When Master/Checker Toggling is 
enabled, the Roles of the Master and Checker are 
switched after each bus cycle. 


Parity, Duplication and Timeouts 


In order to prevent incorrect AP-Bus operation for 
passing corrupted data to the BXU (and onto the 
Local Bus), the BXU uses parity, signal duplication, 
and bus timeouts to check for errors. Specifically, 
the AP-Bus has interlaced parity bits covering the 
AD and SPEC signals, signal duplication is used on 
both arbitration and RPYDEF, and a bus timer is set 
to monitor the bus for non-response to a request. 


The BXU calculates two separate parity bits across 
alternate AD and SPEC signals, which are indicated 
by the CHKO and CHK1 pins. CHKO is even parity 
across the even AD and SPEC pins, and CHK1 is 
even parity across the odd pins. Since the arbitration 
and RPYDEF lines are driven independently by mul- 
tiple bus agents (BXUs), parity cannot be used for 
error detection, rather the detection of errors is done 
by duplicating each set of lines, one set for Masters, 
the other set for Checkers. Consequently, each BXU 
connects to only one arbitration network. If there is a 
disagreement between the two sets of signals on 
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Figure 12. Functional 
Redundancy 
Checking 
(FRC) 
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the AP-Bus, it will be detected through an FRC dis- 
agreement. The BXU uses a timer to determine if no 
response has been received and too long a period 
has elapsed since the bus request was made. Dur- 
ing normal operation the timer is active whenever 
the bus pipeline is not empty. The timer is reset on 
every bus reply or deferral. If the BXU was the 
source of the requests and a timeout occurs, it sig- 
nals a Bad Access Reply on the AP-Bus. The timer 
is nominally 64 clocks. 


ceives an error report, but is guaranteed to receive 
the same error report. Each BXU in the system uni- 
formly logs each error report, and is able to use this 
information to proceed independently with the ap- 
propriate recovery procedure. 


The BXU has two serial Error Reporting Lines asso- 
ciated with each bus interface (BERLs for the AP- 
Bus and LERLs for the Local Bus). An indentical se- 
rial error report is sent over each pair of lines associ- 
ated with each bus. 


Error Reporting 
An AP-Bus error reporting cycle consists of five 
phases: Reporting, Partner Communications, Tran- 
sient Waiting Period, Retry, and the Permanent Error 
Window (see Figure 13). The reporting phase lasts 
256 cycles from the beginning of the first report re- 
ceived on the BXU's error reporting lines. The BXU 
becomes quiescent as soon as it detects the start bit 
of an error report and remains quiescent through the 
Transient Waiting Period. 


The error reporting network is the backbone of fault 
isolation and recovery. When an error is detected, 
the BXU detecting the error reports its type and lo- 
cation to all other nodes in the system. The error 
reporting network is designed so that, independent 
of an error in the system, each node not only re- 
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Figure 13. Error Reporting 
Cycle 
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During partner communications, 
BXUs communicate 
with each other via their POPQUE lines to determine 
whether 
to retry accesses 
in the case that one of the 
AP-Buses 
is removed 
from the system. 
Partner 
or- 


dering lasts 256 cycles. 


During 
the 
RETRY 
phase, 
all accesses 
that 
were 
pending 
at the 
time 
that 
the 
error 
report 
was 
re- 
ceived 
will be retried. 
At the same time as RETRY 
begins, 
the 
BXU enters 
the 
Permanent 
Error Win- 
dow. 
During this interval, 
the 
BXU watches 
for the 
error to reoccur. 
Transient 
waiting 
enables 
the system to sustain 
dis- 
turbances 
from mechanical 
vibrations 
and brief elec- 


trical transients 
without 
needing 
to permanently 
re- 
configure 
the system.· The BXUs simply wait a pre- 
determined 
time for the transient 
to subside. The du- 
ration 
of the Transient 
Waiting 
Period 
is adjustable 
and can 
be set by software 
(16 fl-s to 500 
ms at 
16 MHz). During this period, the BXU completes 
its 
internal 
recovery 
mechanisms 
(if the error is perma- 
nent). Since the transient 
waiting 
mechanism 
on the 
buses 
depends 
on 
all buses 
moving 
to the 
retry 
state at the same time, all BXUs must have identical 
values for the Transient 
Waiting 
Period. 


Each 
BXU has two registers 
that are used for log- 
ging error 
reports. 
The 
ERROR 
LOG register 
con- 
tains the current 
error report and the ERROR 
REC- 
ORD 
register 
contains 
the 
previous 
error 
report. 


When a error report is received, 
the contents 
of the 
ERROR 
LOG register 
are copied 
into the 
ERROR 
RECORD 
register. 
Both registers 
are accessible 
by 
software 
and are the primary 
means 
by which 
the 
software 
routines 
responsible 
for system 
manage- 


ment communicate 
with the hardware 
fault handling 
mechanisms. 
Table 
6 lists the types 
of errors 
that 
can be reported. 


Table 6. Error Types 
Reported 


Error Type 
Description 


Unsafe Confinement 
This type of report is issued when an error is detected 
that would make a retry 
Area 
dangerous. 


Primary Catastophe 
Generated 
in response 
to a Primary Catastrophe 
Command 
from software. 


The command 
is usually issued when all primary modules are about to fail 
because 
of a loss of power. 


Shadow Catastophe 
Generated 
in response 
to a Shadow Catastrophe 
Command 
from software. 
The command 
is usually issued when all shadow 
modules are about to fail 
because of a loss of power. 


Error Reporting 
Error 
The report indicates 
that a BXU has detected 
a failure on one of its error 
reporting 
lines. 


Bus Arbitration 
This report is issued when an FRC error is detected 
on the BOUT pin of the 
BXU indicating 
a bus arbitration 
error. 


Bus Parity 
Indicates that a parity error has been detected 
on the AP-Bus. 


Component 
Indicates that a checker 
has detected 
an FRC error while its master was 
driving the AP-Bus. 


Uncorrectable 
Array 
An uncorrectable 
error has been detected 
in one of the memory arrays. 


Error 


Correctable 
ECC 
A correctable 
error has been detected 
in one of the memory arrays. 


COM Altered 
This error report occurs when the COM input is toggled 
(two cycles high, 
followed 
by two cycles low) and may be used by external circuits to notify the 
system of an external fault. 


Attach Bus 
Issued in response 
to an Attach Bus command, 
this report is used to 
reactivate 
a bus that was previously 
out of service. 


Detach Bus 
Issued in response 
to a Detach Bus command, 
this report is used to remove a 
faulty bus from the system. 


Terminate 
Permanent 
Receiving 
this report signifies the end of the Permanent 
Error Window. 
Error Window 


Sync Refresh 
Used to synchronize 
memory modules that are being married to form a 
Primary/Shadow 
Pair. 
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The BXU's hardware compares the contents of the' 
two error reporting registers to determine if a bus 
retry has resulted in a repeat of the previous error 
(which therefore must be considered a permanent 
error). Software can clear the two registers by send- 
ing a Terminate Permanent Error Window command. 
The registers allow software to monitor the health of 
the system and to respond appropriately in case of 
hardware problems. The availability of this informa- 
tion simplifies diagnostic routines. 


The ERROR LOG register is handled independently 
by hardware and softWare; hardware always re- 
sponds immediately to an error report so that it is 
never lost by failure of software to respond. During 
normal system operation, software should never 
write to this register, since it is both read and written 
by hardware. The ERROR LOG register is cleared 
on a cold start, but its contents are retained across a 
warm start. 


RECOVERY 
NlECHANISMS 


Module Shadowing 


Automatic recovery from permanent single-point fail- 
ures in a module is accomplished through module 
shadowing, or what is more formally called Quad 
Modular Redundancy (QMR). Using this technique, 
two FRC pairs (master/checker) of the same type 
are logically linked to form a primary/shadow pair 
(see Figure 14). The marriage of the two modules is 
performed by software which sets the logical ID of 
the two modules equal and restarts them in lock 
step (or synchronous operation). There is no direct 
electrical connection between a primary/shadow 
pair. They are usually on separate boards so that 
either can be removed in the case of a failure in that 
module. 
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Processor 
or Memory 
Processor 
or Memory 


l-BUS 
l-BUS 


SHADOW 


MASTER 
CHECKER 
-------------------------. 
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The primary/shadow pair operate in lock step so 
that there is always a complete and current backup 
for an FRG pair. At any point in time, one FRG pair 
will be active (Le., sending its output to the AP-Bus) 
while the other will be passive (Le.,its outputs will be 
disabled). Initially, the primary FRGpair is active and 
is responsible for issuing requests or replies to the 
AP-Bus. Data leaves only by means of the active 
FRG pair. 
. 


As an option, the roles of active and passive mod- 
ules are switched after every second bus cycle. (In 
contrast, master/checker pairs are toggled every cy- 
cle). This ping-pong action exercises all of the logic 
in both primary and shadow modules. Any latent fail- 
ure that exists in the AP-Bus drivers will be detected 
immediately. All of the logic to perform this lock step 
operation is contained in the BXU and neither the 
processors nor any discrete logic contained in a 
module is aware that the module is participating as 
one-half of a primary/shadow pair. 


Each physical FRG pair (primary and shadow) re- 
mains a self-checking pair. Whether in an active or 
passive module, all detection mechanisms remain 


enabled and continuously check the operation of 
that module. Neither the primary nor the shadow 
check the operation of the other; FRG is used for 
fault detection, while module shadowing (Quad Mod- 
ular Redundancy) is used to ensure immediate re- 
covery. 


Automatic 
Module Recovery 


If a permanent error is detected in either a primary or 
a shadow FRG pair, the faulty pair will immediately 
be disabled as all BXUs in the pair Shutdown. The 
surviving spouse then separates itself from the faulty 
FRG pair and operates as an active pair on every 
bus cycle. At that point, recovery is complete. 


Hardware recovery is autonomous and requires no 
software intervention to complete. The operating 
system can be informed that a hardware reconfigu- 
ration has taken place by tying an error report line to 
one of the processor's interrupt pins. Then when a 
fault occurs, a processor can examine the error re- 
port log to discover what has happened and then re- 
examine the system configuration. Figure 15 shows 
an example of module reco~ery. 
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Bus Switching 


All AP-Buses 
in an 80960MC 
system 
are physically 
identical, 
but when a system is operational 
each bus 
handles 
a unique address range. The BXU has been 
designed 
so that it is possible 
to pair together 
two 
AP-Busses 
and have them act as redundant 
or alter- 
nate resources 
tor each 
other. 
AP-Bus 
0 is paired 
with AP-Bus 1 and AP-Bus 2 is paired with AP-Bus 3. 
In order for an FRC pair to have an additional 
bus, it 
must 
also 
have 
another 
pair 
of 
Master/Checker 
BXUs. Normally 
the memory 
addresses 
will be inter- 
leaved between 
the two (or four) buses, but this isn't 
necessary 
for bus switching. 


Since 
the AP-Bus 
does 
not hold 
state 
information 
(as do processors 
and memory), 
all buses in the sys- 


tem may be used during normal 
operation. 
There 
is 
no degradation 
of throughput 
to achieve 
bus redun- 


dancy. 
Each bus is fully operational. 


When 
a permanent 
error has been detected 
on an 
AP-Bus, 
all BXUs 
on the faulty 
bus disable 
them- 


selves. 
L-Bus requests 
for the failed 
bus will be ig·· 


nored 
by the disabled 
BXUs and picked 
up instead 
by the BXUs attached 
to the backup 
bus. If a BXU 


has a cache, the BXU invalidates 
its cache directory 
since the directory 
must be reorganized 
to match the 
new (and larger) address 
space, including 
a new in- 


terleaving 
factor. 
Figure 
16 shows 
an example 
of 
bus switching. 


SHADOW 
SHADOW 
PRIWARY 
PRIWARY 


AP-BUS1 


271082-16 


Legend: 
C = CPU 
B = BXU 
M = Memory 
Array 
Hardware 
automatically 
reconfigures 
to bypass 
the faulty 
bus (AP-BuSO). 
AP-BuS1 takes 
over the address 
space 
of AP-BuSO. 


Figure 16. If a Bus Fails, Its Backup Bus Takes Over Immediately 
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Self-Healing 
Systems 


In some applications it is important to guarantee the 
integrity of the data, but momentary interruptions in 
processing can occur without seriously affecting op- 
erations or jeopardizing human lives. For these ap- 
plications, a cost effective approach may be to use 
self-healing systems. 


Self-healing systems use Functional Redundancy 
Checking to ensure that all errors are detected and 
that faults are confined within a module. Fault recov- 
ery is not automatic; recovery and reconfiguration is 
done by software following error detection. Self- 
healing systems are less costly than fully fault-toler- 
ant systems because fewer components are neces- 
sary. 


Self-healing systems do not operate continuously in 
the case of a hardware failure. Program execution 
cannot proceed after detection of a permanent error 
until the system has been reconfigured. Transient 
errors will still be taken care of by the hardware 
components. Upon detection of a permanent error, 
the system will cease operation, however FRC en- 
sures that no data will have been corrupted. 


After the system stops, it must be reset and a diag- 
nostic program run which reads the BXU errors logs 
and determines the most appropriate action to take. 
Recovery and reconfiguration may be complete and 
the system back on-line within a few seconds to sev- 
eral minutes, depending on the nature of the fault. 


Self-healing systems are not appropriate for real- 
time applications where program delays longer than 
a few milliseconds cannot be tolerated. In these crit- 
ical applications, an interruption in system operation 
might result in damage to expensive material and 
equipment, or endangerment of human lives. The 
80960MC system fault tolerant architecture provides 
the means for building systems that will recover au- 
tomatically within 48 /Ls. 


BXU Registers 


Initialization and control of the BXU is done by read- 
ing and writing the BXU's internal registers. The reg- 
isters are mapped to the upper 16 Mbytes of the 
80960MC processor's physical address space. 


Initialization of a system using BXUs occurs in three 
stages. In the first stage which immediately follows 
RESET, all registers (except for the registers con- 
taining error report information) are loaded with 0 or 
with values sampled off a set of pins. 


During this stage the BXU's System Bus ID and 
mode of operation are established. In the second 
stage, software assigns logical, physical, and arbitra- 
tion IDs to each BXU. Then in the third stage, the 
COM pin can be used to load board-specific info~- 
mation into the BXU and software can change the 
default values of any of the registers. 


Once software has established the initial configura- 
tion of the system, no further interaction between 
the system software and the BXU may be necessary 
except for testing the error reporting functions and 
for making on-line changes to the system's initial 
configuration. 


This Advance Information Data Sheet contains a 
functional description for each of the BXU's major 
register groups. For more specific details on control- 
ling each 
of the 
registers, please consult 
the 
B0960MC 
Hardware 
Designer's 
Reference 
Manual. 


SIGNAL 
DESCRIPTIONS 


Tables 7 through 11 describe the function of each of 
the BXU signals. Many of the pins are multiplexed 
and have different interpretations depending on 
whether the BXU is in Processor or Memory mode. 
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Table 
7. M82965 
BXU L-Bus 
Signals 


Symbol 
Type 
Name and Function 


LAD31 
I/O 
LOCAL 
ADDRESS/DATA 
BUS: Carries 32-bit physical addresses 
and data to and from a 


-LADo 
T.S. 
processor 
or memory. 
During an address (Ta) cycle, bits 2-31 
contain a physical word 
addres (bits 0-1 
indicate SIZE; see below). During a data (Td) cycle, bits 0-31 
contain 
read or write data. The LAD lines are active HIGH and float to a three-state 
OFF when the 


I 
bus is not acquired. 
. 
SIZE: Which is comprised 
of bits 0-1 
of the LAD bus during a Ta cycle, specifies 
the size 
, 
of a transfer 
in words. 


LAD1 
LADo 


0 
0 
1 Word 


0 
1 
2 Words 


1 
0 
3 Words 


1 
1 
4 Words 


ALE; 
0 
ADDRESS-LATCH 
ENABLE: 
Indicates the transfer 
of a physical address. ALE is 


T.S. 
asserted 
during aT a cycle,and 
deasserted 
during Td cycles and the second 
half of Ta 
cycles. It is active LOW and floats to a three-state 
OFF when the L-Bus is not acquired. 


ADS 
I/O 
ADDRESS 
STATUS: 
Is used to detect address cycles and additional 
data cycles. 


0.0. 


CACHE 
I 
CACHEABLE: 
During a Ta cycle, specifies 
whether 
data is cacheable. 
When 
operating 
in the MEMORY 
mode 
this pin should 
be tied to ground 
through 
a 10 kn resistor. 


W/R 
I/O 
WRITE/READ: 
specifies, 
during a Ta cycle, whether 
the operation 
is a write or read. It is 
0.0. 
latched on-chip and remains valid during Td cycles. 


CW/DEN 
0 
CACHE 
WRITE: 
(Defined only when the BXU is in PROCESSOR 
mode). This signal 
0.0. 
indicates 
that the cache SRAM should be written with data from the L-Bus and is used to 
generate 
the chip select, and write enable signals required by the SRAM. The signal is 


1- 


open drain so it can be shared among multiple 
BXUs controlling 
a single set of SRAMs. 


DATA ENABLE: 
(Defined only when the BXU is in MEMORY 
mode). Is asserted 
during 
TD cycles and indicates 
transfer 
of data on the local AD bus lines. 


CRI 
0 
CACHE 
READ: (Defined only when the BXU is in PROCESSOR 
mode). This signal 
DT/A 
0.0. 
indicates 
that the cache SRAM should drive data onto the L-Bus in response 
to a read 
request and is 'used to generate 
the chip select and output enable signals required by the 
SRAM. This signal is open drain so it can be shared among multiple 
BXUs controlling 
a 
single cache. 


DATA TRANSMIT/RECEIVE: 
(Defined only when the BXU is in MEMORY 
mode). 
Indicates the direction 
of data transfer. 
It is low during Ta and Td cycles for a read or 
interrupt acknowledgement; 
it is high during Ta and Td cycles for a write. DT /A never 
changes 
state when DEN is asserted. 


LOCK 
I 
BUS LOCK: 
Is used by the BXU to distinguish 
between 
normal reads and RMW-reads, 
normal writes and RMW-writes. 


An 80960MC 
processor 
asserts 
LOCK at the beginning 
of an RMW cycle, and the BXU 
recognizes 
it as an RMW-read. 
If the read operation 
is accepted 
by the module serving 
memory, the processor 
drops LOCK, and executes 
an RMW-write. 
LOCK is also held 
asserted 
durinqan 
interrupt-acknowledge 
transaction. 


READY 
I/O 
READY: 
Indicates that data on LAD lines can be sampled or removed. 
If READY is not 
0.0 
asserted 
during aT d cycle, the Td cycle is extended 
to the next cycle, and ADS is not 
asserted 
in the next cycle. READY is driven on Ta, Tr and T, cycles. 


NOTES: 
I/O = Input/Output, I = Input, 0 = Output, O.D. = Open Drain, T.S. = three-state 
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Table 7. M82965 BXU L-Bus Signals (Continued) 


Symbol 
Type 
Name and Function 


BE3_ 
I/O 
BYTE ENABLES: Specify which data bytes on the local bus will take part in 


BEo 
0.0. 
the next bus cycle. BE3 corresponds 
to LAD24-LAD31 
and BEo corresponds 
to LADo-LAD7. 


HOLD/ 
I 
HOLD: Indicates 
that a master I/O peripheral 
requests 
control 
of the bus. 


HOLDAR 
When the BXU receives 
HOLD and grants the peripheral 
control 
of the bus, it 
floats the bus lines and then asserts HLDA and enters the Th state. When 
HOLD is deasserted, 
the BXU will deassert 
HLDA and go to either the Ti or Ta 
state. 


HOLD ACKNOWLEDGE 
REQUEST: 
Is an input to the secondary 
bus master 
that the primary bus master has relinquished 
control of the bus. 


HLDAI 
0 
HOLD ACKNOWLEDGE: 
Relinquishes 
control of the bus to a master I/O 
HOLDR 
peripheral. 


HOLD REQUST: Is used by a Secondary 
Bus Master to request use of the 
bus from the Primary Bus Master. 


Table 8. M82965 
BXU L-Bus Module Support Signals 


Symbol 
Type 
Name and Function 


BADAC 
0 
BAD ACCESS: If asserted 
in the cycle following 
the one in which the last READY of a 
0.0. 
transaction 
is asserted 
as a result of a bad access, it indicates 
that the transaction 
has 
exceeded 
the AP-Bus time-out 
period. 


iACo/ERR 
I/O 
INTERAGENT 
COMMUNICATION: 
PROCESSOR 
0: (Defined 
only when the BXU is in 
0.0. 
PROCESSOR 
mode). Is an open-drain 
output that indicates 
that there is a pending 
lAC 
message for Processor 
0 on the BXU's local bus. 
EXTERNAL 
ERROR: (Defined only when the BXU is in MEMORY 
mode). Is an input that 
indicates 
that an error has been detected 
in external 
logic (e.g., a failure in a discrete 
memory controller). 


iAC1/FRF 
0 
INTERAGENT 
COMMUNICATION: 
PROCESSOR 
1: (Defined only when the BXU is in 
0.0. 
PROCESSOR 
mode). Is an open-drain 
output that indicates 
that there is a pending 
lAC 
message for Processor 
1 on the BXU's local bus. 
FORCE REFRESH: 
(Defined only when the BXU is in memory mode). Is an open-drain 
output that tells the external 
memory controller 
to immediately 
execute 
a refresh 
operation. 


PFETCH 
I 
PREFETCH: 
Is used in conjunction 
with the Cache and Write/Read 
(W /R) signals to 
define the type of request being issued lO = LO, 1 = HI): 
PFETCH 
CACHE 
W/R 
0 
0 
0 
Read using Prefetch 
Channel 
0 
0 
0 
1 
Start for Prefetch 
Channel 
0 
0 
1 
0 
Read using Prefetch Channel 1 
0 
1 
1 
Start for Prefetch 
Channel 1 . 


1 
0 
0 
Noncacheable 
Read 
1 
0 
1 
Noncacheable 
Write 
1 
1 
0 
Cacheable 
Read 
1 
1 
1 
Cacheable 
Write 


NOTES: 
1/0 = Input/Output, I = Input, 0 = Output, 0.0. = Open Drain 
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Table 9. M82965 BXU AP-Bus 
Signals 


Symbol 
Type 
Name and Function 


A031-AOO 
1/0 
SYSTEM ADDRESS/DATA 
LINES: Carry 32·bit addresses 
and data 
0.0. 
between 
modules 
(BXUs) on an AP-Bus. The content 
of the AD lines is 
defined 
by the SPEC encoding 
during the same bus cycle. 


~5-~O 
1/0 
PACKET 
SPECIFICATION: 
Signals define the packet type and the 
0.0. 
parameters 
required for the transaction: 


, 
SPECs: REQUEST: 
Is asserted 
if the packet is a request packet. 


SPEC4: MUL TICYCLE: 
Is asserted 
if the packet consists 
of more than 
one bus cycle. 
SPEC3-SPEC2: 
CYCLE COUNT: These two bits are used in 


, 
conjunction 
with Request and Multicycle 
signals to specify the length 
of the packet (in bus cycles) and the data length (in words). 
SPEC1-SPECo: 
OPERATION/STATUS 
TYPE: These two bits identify 
the specific operation 
or status conveyed 
by the packet. 


CHK1-CHKo 
1/0 
CHECK SIGNALS: 
Provide interlaced 
parity for the ~ 
and AD 
0.0. 
lines. 


ARB3-ARBo 
1/0 
ARBITRATION: 
Signals are used by the bus agents (BXUs) to 
0.0. 
determine 
which agent has access to the bus next. These signals have 
a timing that is one-half 
cycle out of phase with the AD lines. 


RPYOEF 
110 
REPLY DEFER: Signal allows an agent to give up its "slot" 
on the bus 
0.0. 
temporarily 
if its access is going to take a long time. This action 
reorders the pipeline, 
moving the deferred 
request to the bottom 
of the 
queue, resets the bus time-out 
counter 
and permits another 
agent to 
use the bus. 


BERL1-BERLo 
1/0 
BUS ERROR REPORT 
LINES: Is used to signal errors from bus 
0.0. 
transactions 
or from within modules connected 
to the bus. 


NOTES: 
1/0 = Input/Output, I = Input,O = Output, 0.0. = Open Drain 
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Symbol 
Type 
Name and Function 


CLK2 
I 
SYSTEM CLOCK: Provides the base timing and synchronization 
for all agents 


(BXUs) in the system. It is sourced to all agents from a central clock and is 
twice the frequency 
of the bus cycle. 
NOTE: 
The clock skew over the AP-Bus for a typical system should be no greater 
than 6 ns for correct system operation. 


BOUT 
I/O 
BUS OUTPUT 
CONTROL: 
Is asserted whenever 
a component 
is driving the 
0.0. 
AP-Bus. Functional 
Redundancy 
Checks on BOUT can be used to detect 
arbitration 
failures. 


MODCHK 
I/O 
MODULE 
CHECK: Is connected 
between 
Master/Checker 
pairs, allowing 
a 
0.0. 
Functional 
Redundancy 
Check to be performed 
on internal states. 


INITIO 
I 
INITIALIZE 
ID: Is connected 
to one of the 32 AD lines and is used in 
conjunction 
with the IDENTIFY 
DEVICE lAC to provide a unique address for 
each BXU at initialization 
time. 


VREF 
I 
VOLTAGE 
REFERENCE: 
Provides a stable voltage 
reference 
for the input 
buffers of components 
connected 
to the AP-Bus. External hardware 
must 
provide a VREF/W voltage 
(see Table 14) on the VREF pin during normal 
operation 
of the component. 
The VREF pin is also used to distinguish 
between 


a warm start (system memory and the Error Record register retain their state) 
and a cold start (system memory and BXU registers are cleared). 


RESET 
I 
RESET: Forces all agents on the bus to reset and synchronize. 
The bus cycle 
begins the first CLK2 period after RESET is deasserted. 
The RESET signal is 
the way a BXU is synchronized 
to the rest of the system. 


COM 
I/O 
COMMUNICATION: 
Can be used to load information 
into a component 
as 
0.0. 
part of the initialization 
sequence 
or to inform external 
logic that the 
component 
has failed. The BXU will asserted 
COM if it has shut itself off due 
to a failure in its module. 
The COM signal is not involved 
in any aspect of AP-Bus operation, 
but can be 
used to load board-dependent 
information 
into the BXU or to signal the rest of 


the system that an external error has occurred. 


Table 10. M82965 
BXU AP-Bus (Local Agent) Support 
Signals 


NOTES: 
110 = Input/Output. 
I = Input. 0 = Output. 0.0. = Open 
Drain 
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Table 
11. M82965 
BXU Module 
Support 
Signals 


Symbol 
Type 
Name and Function 


WYo/COR 
0 
WAYo: (When the BXU is in processor 
mode). Indicates 
which one of 
0.0. 
the two "ways" 
in a directory 
set had a cache hit. The line is intended 
to drive the SRAM address pins and will remain stable throughout 
the 


I 
length of a cache access. 
CORRECT: 
(When the BXU is in memory mode). Is used by the BXU to 
tell an external 
ECC controller 
to correct the memory data as it flows 
onto the local bus. If this signal is not asserted, 
then the memory data 
may flow directly onto the local bus with only error checking, 
but no 
correction. 


WY1/MEM 
0 
WAY 1: (Defined only when the BXU is in PROCESSOR 
mode). 
0.0. 
Indicates 
if the access is for the cache or private memory half of the 
SRAM. The line is intended 
to drive the SRAM address 
lines directly 


I'. 
and will remain stable throughout 
the length of a cache access. 
MEMORY IREGISTER 
REQUEST: 
(Defined only when the BXU is in 
MEMORY 
mode). This signal allows mapping some of the BXU's 


.' 
register space out to the registers 
in an external controller. 
If the signal 
is high, the associated 
L-Bus request is a memory request; otherwise, 
the L-Bus request is to an external 
register on the board. 


WDo/UNC 
110 
WORDo: (Only defined when the BXU is in PROCESSOR 
mode). 


0.0. 
Provides the low order bit of the word address for the SRAM. Together 
with WORD1, the two bits indicate which of the four words within an 
address 
line should be addressed. 
Because 
SRAM timing is critical, an 
external 
latch could be required. The signals change for each word of 
data transferred. 
UNCORRECTABLE 
ECC: (Only defined when the BXU is in MEMORY 
mode). Is an input used by the external 
ECC logic to signal to the BXU 
that it has detected 
an uncorrectable 
memory error. 


WD1/ECC 
'110 
WORD1: (Defined only when the BXU is in PROCESSOR 
mode). 


0.0. 
Provides the high order bit of the word address for the SRAM. 
Together 
with WORDo, the two bits indicate which of the four words 
within an address 
line should be addressed. 
Because 
SRAM timing is 
critical, an external 
latch will be required. The signals change for each 
word of data transferred. 
ECC ERROR: (Defined only when the BXU is in MEMORY 
mode). Is 
an input used by the external 
ECC logic to signal to the BXU that it has 
detected 
a memory error. The signal will be asserted 
even though 
external 
logic may be correcting 
the error and providing 
correct 
data 
on the L-Bus. If the BXU is asserting 
its CORRECT 
signal, the ECC 
ERROR signal will be ignored. Only the UNC pin will be checked 
for an 
error indication 
under these conditions. 


SSBUSY 
110 
SUBSYSTEM 
BUSY: Connects 
together 
all BXUs in a module that are 
0.0. 
in the same subsystem. 
When the signal is pulled low (BUSY), the 
BXUs will accept a request address, 
but will not continue 
with the data 
cycles. This signal is used to ensure that the BXUs always handle 
RMW-writes, 
Interagent 
Communication 
messages, 
and retries 
correctly. 
An external signal is needed because 
BXUs can generate 
AP-Bus requests 
internally 
because 
of the prefetcher, 
or their internal 
logic can be tied up handling an lAC request from the AP-Bus. 
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Symbol 
Type 
Name and Function 


POPQUE 
1/0 
POP QUEUE: Is used by the two BXUs acting as bus backups for each 
0.0. 
other to communicate 
status on the completion 
of outstanding 
L-Bus 


requests. 
Usually, this signal is asserted when the oldest write in the 


queue has completed. 
During the partner ordering 
period, a different 


protocol 
is used to convey the status of all write requests 
outstanding. 


LERL1-LERLo 
1/0 
LOCAL 
ERROR REPORTING 
LINES: Are identical to the BERL 


0.0. 
signals defined for the AP-Bus, but are used on the module side to 
connect 
all BXUs on a single L-Bus. 


Table 
11. M82965 BXU Module 
Support 
Signals 
(Continued) 


NOTES: 
1/0 = Input/Output, 
I = Input,O= Output, 
0.0.= OpenDrain 


MECHANICAL 
DATA 
vcc and GND connections 
must be made to multi- 
ple vcc and GND pins. Each vcc and GND pin must 
be connected 
to the appropriate 
voltage 
or ground 
Pin Assignment 
and externally 
strapped 
close to the package. 
Pref- 


erably, 
the circuit 
board 
should 
include 
power 
and 
The 
MG82965 
BXU 
(PGA 
package) 
pin out 
as 
ground 
planes 
for power 
distribution. 
Table 
12 lists 
viewed 
from 
the top 
side 
of the 
component 
(pins 
the function 
of each pin. 
down) 
is shown 
in Figure 
17 and from 
the bottom 
side (pins up) in Figure 18. 
Many of the signals are multiplexed 
and several 
sig- 


nals 
have 
different 
interpretations 
depending 
on 
whether 
the 
BXU is used 
in Processor 
or Memory 
mode. 


I< 
" 
12 
11 
'0 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


'cc 
'ss 
Wl, 
Wl, 
lAO, 
lA., 
lAD" 
Wl" 
Wl" 
Wl,. 
Wl" 
LAD" 
'ss 
'cc 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


'ss 
RESET 
lA •• 
cm 
lAO, 
lA., 
Wl,. 
Wl" 
LA.D15 
Wl" 
Wl" 
Wl" 
LAD2-4 
LAOll 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


CH", 
BERLo 
VREF 
'cc 
ves 
lA., 
lA" 
Wl" 
LAD10 
vee 
'ss 
aAOAC 
Wl" 
HLOA 
0 
0 
0 
0 
0 
0 


WOCk 
CHKo 
'ss 
HOLD 
ADS 
AlE 


0 
0 
0 
0 
0 
0 


"0'0 
AO'4 
BERL, 
LAD27 
lAo" 
lAo" 


0 
0 
0 
0 
0 
0 


A" 
cow 
BOUT 
CACHE 
Wl" 
Wl" 


0 
0 
0 
I14G82965 
0 
0 
0 


A., 
,6,°'5 
"013 
BE, 
'OY 
lA.,. 


exu 
0 
0 
0 
0 
0 
0 


A., 
A012 
"011 
LOCI< 
BEo 
wo 


0 
0 
0 
0 
0 
0 


ARe, 
'""" 
A., 
eROT 
BE, 
BE, 


0 
0 
0 
0 
0 
0 


ARe1 
A<>, 
AO, 
WY'W 
WYOC 
CWOE 


0 
0 
0 
0 
0 
0 


AO, 
AO. 
ARBo 
vss 
PfCH 
WOOU 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


A., 
AR92 
mmo 
'ss 
'cc 
SPC2: 
AD" 
AD" 
AD" 
'ss 
vcc 
LERLo 
WD1E 
SSBY 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


vss 
vss 
RPYO 
SPC" 
.6.°31 
SPC, 
A027 
"°23 
AO,9 
AD,8 
A017 
lA" 
lAOE 
'SS 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


'cc 
SPC, 
SPC1 
SPC. 
A028 
Ao" 
AO,. 
.4.°25 
AD" 
AD,. 
"Du 
'POU 
V" 
lERl, 


I< 
" 
12 
'0 
271082-17 


Figure 
17. MG82965 
BXU Pinout-View 
from 
Top Side (Pins Down) 
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to 
" 
" 
" 
,. 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


vcc 
Vss 
lMl" 
I.AI>" 
I.AI>" 
1.Al>14 
LAD'I 
LAD, 
•....., 
•...... 
I.AI>• 
•.•••D, 
Vss 
Vcc 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
•....." 
•.....,. •....." 
•....." 
LADle 
LADT5 
LADI2 
lMl, • 
LAD, 
•.•••D, 
CLK2 
•....•• 
RESET 
vss 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Hl" 
......" 
....,.c 
Vss 
Vcc 
......,. 
lMl" 
LAD, 
•...... 
vss 
Vcc 
Vou 
B""" 
CHK, 


0 
0 
0 
0 
0 
0 
All 
ADS 
HOlD 
v" 
at'o 
"DC!( 
0 
0 
0 
0 
0 
0 
I.AI>" 
LA.,. 
......" 
BERL, 
AD,. 
AOtO 
0 
0 
0 
0 
0 
0 
LAD,. 
•......, 
CACHE 
BOUT 
cow 
••• 
0 
0 
0 
WG82965 
0 
0 
0 
.....•.. 
RD' 
BE, 
AD" 
AD" 
.D. 
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" 
" 
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Figure 18. MG82965 
BXU Plnout-Vlew 
from Bottom 
Side (Pins Up) • 
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Table 12. M82965 PGA Plnout-In 
Pin Order 


Pin 
Signal 
Pin 
Signal 
Pin 
Signal 
Pin 
Signal 


A1 
LERL1 
C6 
AD22 
H1 
LAD30 
M10 
Vss . 


A2 
Vss 
C7 
AD24 
H2 
READY 
M11 
Vcc 


A3 
POPQUE 
C8 
AD29 
H3 
BE1 
M12 
VREF 


A4 
AD16 
C9 
SPEC2 
H12 
AD13 
M13 
BERLo 


A5 
AD20 
C10 
Vcc 
H13 
AD1S 
M14 
CHK1 


A6 
AD21 
C11 
Vss 
H14 
AD4 
N1 
LAD23 


A7 
AD2S 
C12 
INITIO 
J1 
LAD29 
N2 
LAD24 


A8 
AD30 
C13 
ARB2 
J2 
LAD31 
N3 
LAD22 


A9 
AD26 
C14 
AD1 
J3 
CACHE 
N4 
LAD21 


A10 
AD28 
01 
WDo/UNC 
J12 
BOUT 
N5 
LAD18 


A11 
SPECo 
02 
PFETCH 
J13 
COM 
N6 
LAD1S 


A12 
SPEC3 
03 
Vss 
J14 
AD8 
N7 
LAD12 


A13 
SPECs 
012 
ARBo 
K1 
LAD28 
N8 
LAD10 


A14 
Vcc 
013 
ADo 
K2 
LAD26 
N9 
LAD6 


B1 
Vss 
014 
ADs 
K3 
LAD27 
N10 
LAD2 


B2 
IACo/ERR 
E1 
CW/DEN 
K12 
·BERL1 
N11 
CLK2 


B3 
IAC1/FRF 
E2 
WYo/COR 
K13 
AD14 
N12 
LADo 


B4 
AD17 
E3 
WY1/MEM 
K14 
AD10 
N13 
RESET 


B5 
AD18 
E12 
AD3 
L1 
ALE 
N14 
Vss 


B6 
AD19 
E13 
AD7 
L2 
ADS 
P1 
Vcc 


B7 
AD23 
E14 
ARB3 
L3 
HOLD 
P2 
Vss 


B8 
AD27 
F1 
BE3 
L12 
Vss 
P3 
LAD19 


B9 
SPEC1 
F2 
BE2 
L13 
CHKo 
P4 
LAD17 


B10 
AD31 
F3 
CR/DT/R 
L14 
MODCHK 
P5 
LAD16 


B11 
SPEC4 
F12 
AD6 
M1 
HLDA 
P6 
LAD14 


B12 
RPYDEF 
F13 
AD9 
M2 
LAD2S 
P7 
LAD11 


B13 
Vss 
F14 
ARB1 
M3 
BADAC 
P8 
LAD9 


B14 
Vss 
G1 
W/R 
M4 
Vss 
P9 
LAD7 


C1 
SSBUSY 
G2 
BEo 
M5 
Vcc 
P10 
LADs 


C2 
WD1/ECC 
G3 
LOCK 
M6 
LAD20 
P11 
LAD4 


C3 
LERLo 
G12 
AD11 
M7 
LAD13 
P12 
LAD1 


C4 
Vcc 
G13 
AD12 
M8 
LAD8 
P13 
Vss 


C5 
Vss 
G14 
AD2 
M9 
LAD3 
P14 
Vcc 
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Table 13. M82965 
Plnout-In 
Signal Order 


Signal 
PGA 
Signal 
PGA 
Signal 
PGA 
Signal 
PGA 
Pin 
Pin 
Pin 
Pin 


ADo 
D13 
ALE 
L1 
LAD8 
M8 
SPECo 
A11 


AD1 
C14 
ARBo 
D12 
LAD9 
P8 
SPEC1 
B9 


AD2 
G14 
ARB1 
F14 
LAD10 
N8 
SPEC2 
C9 


AD3 
E12 
ARB2 
C13 
LAD11 
P7 
SPEC3 
A12 


AD4 
H14 
ARB3 
E14 
LAD12 
N7 
SPEC4 
B11 


AD5 
D14 
BADAC 
M3 
LAD13 
M7 
SPEC5 
A13 


AD6 
F12 
BEo 
G2 
LAD14 
P6 
SSBUSY 
C1 


AD7 
E13 
BE1 
H3 
LAD15 
N6 
Vcc 
A14 


AD8 
J14 
BE2 
F2 
LAD16 
P5 
Vcc 
C4 


AD9 
F13 
BE3 
F1 
LAD17 
P4 
Vcc 
C10 


AD10 
K14 
BERLo 
M13 
LAD18 
N5 
Vcc 
M5 


AD11 
G12 
BERL1 
K12 
LAD19 
P3 
Vcc 
M11 


AD12 
G13 
BOUT 
J12 
LAD20 
M6 
Vcc 
P1 


AD13 
H12 
CACHE 
J3 
LAD21 
N4 
Vcc 
P14 


AD14 
K13 
CHKo 
L13 
LAD22 
N3 
VREF 
M12 
I 


AD15 
H13 
CHK1 
M14 
LAD23 
N1 
Vss 
A2 


AD16 
A4 
CLK2 
N11 
LAD24 
N2 
Vss 
B1 


AD17 
B4 
COM 
J13 
LAD25 
M2 
Vss 
B13 


AD18 
B5 
CR/DT/R 
F3 
LAD26 
K2 
Vss 
B14 


AD19 
B6 
CW/DEN 
E1 
LAD27 
K3 
Vss 
C5 


AD20 
A5 
HLDA 
M1 
LAD28 
K1 
Vss 
C11 


AD21 
A6 
HOLD 
L3 
LAD29 
J1 
Vss 
D3 


AD22 
C6 
iACo/ERR 
B2 
LAD30 
H1 
Vss 
L12 


AD23 
B7 
iAC1/FRF 
B3 
LAD31 
J2 
Vss 
M4 


AD24 
C7 
INITID 
C12 
LERLo 
C3 
Vss 
M10 


AD25 
A7 
LADo 
N12 
LERL1 
A1 
Vss 
N14 


AD26 
A9 
LAD1 
P12 
LOCK 
G3 
Vss 
P2 


AD27 
B8 
LAD2 
MODCHK 


, 


N10 
L14 
Vss 
P13 


AD28 
A10 
LAD3 
M9 
PFETCH 
D2 
WDo/UNC 
D1 


AD29 
C8 
LAD4 
P11 
POPQUE 
A3 
WD1/ECC 
C2 


AD30 
A8 
LAD5 
P10 
READY 
H2 
W/R 
G1 


AD31 
B10 
LAD6 
N9 
RESET 
N13 
WYo/COR 
E2 


ADS 
L2 
LAD7 
P9 
RPYDEF 
B12 
WY1/MEM 
E3 
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of terminals 
such 
as soldertail, 
surface 
mount, 
or 
wire-wrap. 
Figure 20 shows several applicable 
sock- 
ets. 


Package Dimensions and Mounting 


The MG82965 
BXU is packaged 
in either a 132-lead 
ceramic 
pin-grid array (PGA) or a 164-pin cap pack- 


age. (Contact 
factory 
for details on cap availability.) 
Pins in the 
PGA package 
are arranged 
0.100 
inch 
(2.54 
mm) 
center-to-center, 
in a 14 by 14 matrix, 
three rows around. 
See Figure 19. 


Package Thermal Specification 


The M82965 
BXU is specified 
for operation 
when its 
case 
temperature 
is within 
the range 
of 
- 55°C to 


+ 125°C. 
The 
PGA 
case 
temperature 
should 
be 
measured 
at the center 
of the top surface 
opposite 
the pins as .shown in Figure 21. 


A wide variety of available 
sockets 
allows Iow-inser- 
tion or zero-insertion 
force mountings, 
and a choice 


~ 
~ 
0;- R 
0> 
R ;n 
-;;;- 
N 
It> 
0> 
<D 
0 .. 
Cl) 
~ 
0> .. 
"l 
Cl) 
'" 
Cl) 
..; 
cD 
~ e ~ ~ ~ ~ ~ 


CIN 
#1 POSITION 


1 
' 
• @@@@@@j@@@@@@@ 


2 
@@@@@@@@@@@@@@ 


3 
@@!8@@@@'@@@@!8@@ 


4 
@@@ 
@@@ 


5 
@@@ 
@@@ 


6 
@@@ 
I 
@@@ 


7 
@@@ 
+ 
@@@ 
8 
-@@@ 
-- 
-- 
@@@ 


9 
@@@ 
I 
@@@ 


10 
@@@ 
@@@ 


11 
@@@ 
@@@ 


12 
@@!8@@@@,@@@@ 
@@ 


13 
@@@@@@@j@@@@@@@ 


14 
@@@@@@@,@@@@@@@ 


C 
D 
E 
F 
G 
H 
J 
K 
L 
t.4 
N 
P 'I 
.020 (0.508) 
.020 --l 


t.4IN TYP 
(0.508) 
• 


.070 (1.777) DIA 
TYP BRAZE PAD 
1------1.450(36.802) 
------ 
.•.1 


.725 (18.401) 


.650 (16.497) 


.550 (13.959) 


.450 (11.421) 


.350 (8.883) 


.250 (6.345) 


.150 (3.807) 


.050 (1.269) 
o 


.001 (0.025) R 


t.4IN TYP 


.018 (0.47) 1 


DIA TYP 
- 
r:::::::~tfi'\ 


.165(4.189~1 
~ 


.110(2::Lj 


Figure 19. A 132-Lead 
Pin-Grid Array (PGA) Used to Package 
the MG82965 
BXU 
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SWEDGE PIN 
STANDOFF 
(4) PLACES 


M82965 


• 
Low 
insertion 
force 
(LlF) 
soldertail 
55274-1 


• Amp 
tests 
indicate 
50% 
reduction 
in in- 
sertion 
force 
compared 
to 
machined 
sockets 


Other 
socket 
options 


• Zero 
insertion 
force 
(ZIF) 
soldertail 
55583-1 


• Zero insertion 
force 
(ZIF) Burn-in 
version 
5557,3-2 


Amp Incorporated 


(Harrisburg, 
PA 17105 
U.S.A 
Phone 
717-564-0100) 


Peel-A-Way' 
and Kapton 
Sock- 
et Terminal 
Carriers 


• 
Low 
insertion 
force 
surface 
mount 
CS132-37TG 


• 
Low insertion 
force 
soldertail 
CS132-0HG 


• Low insertion force wire-wrap 
CS132-02TG 
(two-level) 
CS132-03TG 
(three-level) 


• 
Low 
insertion 
force 
press-fit 
CS132-05TG 


Advanced 
interconnections 


(5 Division 
Street) 
Warwick, 
RI 02616 
U.S.A. 
Phone 
401-665-0465) 


Amp LlF Socket 
55274-1 


Amp LI F Socket 


Cam handle 
locks 
in low profile 
position 
when 
MG62965 
is installed 
(handle 
UP for open 
and DOWN 
for closed 
positions). 


Courtesy 
Amp Incorporated 
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Peel-A-Way 
Carrier 
No. 132: 


Kapton 
Carrier 
is KS132 
Mylar 
Carrier 
is MS132 


Molded 
Plastic 
Body 
KS 132 is 
shown 
below: 


FOOT PRINT NO. 112 
IJ 
~ ~ .100TYP 


14 a 14. t ItOWI 
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IOI.DI.RTAlL~1 
LOW PflOFtLl 
~ 
". •• m-ol 
r B. r 


I 
.!:!! 
... 
1. 
..• 
:tii 
1ii 
-± 
~ 
-I-... 
TIi 
~ 
--'- 
.!!!!CMA. 
~~~.... 
.. 
~A. 


~ 
ra-ir;_ 


WlR' 
WRAP-02/-03 
IOlDERTAIL·33 
eu••fAC£ 
MOUNTIHQ 
·37 
ti 


ptEL·A·WAY 
!~ 
.. ft 


..• 


•.1•..•• 


~ 


•. 
JLIYI1. 
. 
.!:!1. 


.!!:!!:-o:a 
... 
~ 
.•• 
ILIYIL 
~~I-- 
IJ 
.... 


271062-23 
Courtesy 
Advanced 
Interconnections 
(Peel-A-Way 
Terminal 
Carriers 
U.S. Patent 
No. 4442936) 


'Peel-A-Way 
is a trademark 
of Advanced 
Interconnections. 


Figure 20. Several Socket 
Options for Mounting 
the M82965 
BXU 
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MEASURE 
CASE TEMPERATURE 
AT CENTER OF TOP SURFACE 


ELECTRICAL 
SPECIFICATIONS 


Figure 
21. Measuring 
MG82965 
Case Temperature 


Power and Grounding 


The M82965 
is implemented 
in CHMOS 
III technolo- 
gy and 
has 
modest 
power 
requirements. 
Its high 
clock 
frequency 
and numerous 
output 
buffers 
(ad- 
dress/data, 
control, 
error, 
and 
arbitration 
signals) 
can cause 
power 
surges 
as multiple 
output 
buffers 
drive new signal levels simultaneously. 
For clean on- 
chip power distribution 
at high frequency, 
seven vcc 
and 
thirteen 
Vss 
pins 
separately 
feed 
functional 
units of the M82965. 


Power and ground connections 
must be made to all 
vcc and 
Vss 
pins 
of the 
M82965. 
On the 
circuit 
board, all vcc pins must be strapped 
closely togeth- 
er, preferably 
on a vcc plane. Likewise, 
all Yss pins 
should be strapped 
together, 
preferably 
on a ground 
plane. 


Power 
Decoupling 
Recommendations 


Liberal 
decoupling 
capacitance 
should 
be 
placed 
near the M82965. 
The BXU when driving its two 32- 


bit 
address/data 
buses 
(AP-Bus 
and 
L-Bus) 
can 
cause transient 
power surges, particularly 
when driv- 
ing large capacitive 
loads. 


Low 
inductance 
capacitors 
and 
interconnects 
are 
recommended 
for best high frequency 
electrical 
per- 
formance. 
Inductance 
can be reduced 
by shortening 
the board traces 
between 
the BXU and decoupling 
capacitors 
as much as possible. 


Connection 
RecommendCitions 


For reliable 
operation, 
always 
connect 
unused 
in- 
puts to an a..P.P!2Priatesignal 
level. 
In particular, 
if 
PFETCH 
or LERLo_1 
are not used, they should 
be 
pulled 
up and if the CACHE 
input is not used (i.e., 
BXU operating 
in the 
Memory 
mode) 
it should 
be 
tied low through 
a 10 kfl. resistor. 
No inputs should 
ever be left floating. 


All open-drain 
outputs 
require a pullup device. While 
in most cases 
a simple 
pullup 
resistor 
will be ade- 
quate, 
a network 
of pullup 
and 
pulldown 
resistors 
biased to a valid VIH (e.g., 3.5V) will limit noise and 
AC power consumption, 
especially 
on the AP-Bus. 
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ABSOLUTE 
MAXIMUM 
RATINGS· 
NOTICE: This data sheet 
contains 
information 
on 


products in the sampling and initial production phases 
of development. 
The specifications 
are subject 
to 
change without notice. 
Case Temperature 
under Bias(1) 
- 55'C to + 125'C Case 


Storage Temperature 
-65'C 
to + 150'C 


Voltage on Any Pin 
-0.5V 
to vcc + 0.5V 


Power Dissipation 
2.5W 


• WARNING: Stressing the device beyond the "Absotato 
Maximum 
Ratings" 
may 
cause permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
th/1 
"Operating 
Conditions" 
is not recommended 
and ex- 


tended exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Operating 
Conditions 


Symbol 
Description 
Mln 
Max 
Units 


Te 
Case Temperature 
(Instant On) 
-55 
+125 
'c 


Vee 
Digital Supply Voltage 
4.75 
5.25 
V 


Table 14. D.C. Characteristics 
(Over Specified 
Operating 
Conditions) 


Symbol. 
Parameter 
Mln 
Max 
Units 
Comments 


Vu, 
Input Low Voltage 
-0.3 
+0.8 
V 


VILA 
Input Low Voltage: 
AP-Bus 
-0.5 
+1.0 
V 


VIH 
Input High Voltage 
2.0 
vcc + 0.3 
V 


VIHA 
Input High Voltage: AP-Bus 
2.0 
Vcc 
V 


VREF/C 
VREF Trip Point Cold Start 
vcc - 
0.7 
V 


VREF/W 
VREF Trip Point Warm Start 
1.7 
1.8 
V 


VCl 
CLK2 Input Low Voltage 
-0.3 
+1.0 
V 


VCH 
CLK2 Input High Voltage 
0.55 vcc 
Vce 
V· 


VOl 
Output Low Voltage: 
10l = 4 mA: 
LAD Lines 
0.45 
V 
10l = 5 mA: 
Controls(2) 
0.45 
,V 


10l = 25 mA: 
L-Bus 
0.45 
V 
Open-Drain 
Outputs 
10l = 80 mA: 
AP-Bus 
0.70 
V 
Open-Drain 
Outputs 


VOH 
Output High Voltage: 
10H = 1 mA: 
LAD Lines 
2.4 
V 
10H = 0.9mA: 
Controls(2) 
2.4 
V 
10H = 5.0 mA: 
ALE 
2.4 
V 


Icc 
Power Supply Current 
450 
mA 


III 
Input Leakage Current 
±15 
p..A 
OV,,;: VO";: VCC 


ILO 
Output Leakage Current 
±15 
p..A 
0.45V ,,;:vc ,,;:vcc 


CIN 
Input Capacitance 
10 
pF 
Note 1 


Co 
1/0 or Output Capacitance 
12 
pF 
Note 1 


CClK 
Clock Capacitance 
12 
pF 
Note 1 


NOTES: 
1. Test frequency = 1 MHz. Tc = 25'C, unmeasured pins at GND. 
2. "Controls" include all t-Bus I/O pins not otherwise specified. 
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Table 
15. M82965 A.C. Timing 
Specifications 
(Over Specified 
Operating 
Conditions) 


Symbol 
Parameter 
Min 
Max 
Units 
Comments 


T1 
Clock Period 
31.25 
125 
ns 
VIN = 1.5V 


T2 
Clock Low Time 
11 
ns 
VIN = 10% Point = 1.2V 


T3 
Clock High Time 
11 
ns 
VIN = 90% Point = 0.1V + 0.5 vcc 


T4 
Clock Fall Time 
10 
ns 
VIN = 90% Point to 10% Point 


T5 
Clock Rise Time 
10 
ns 
VIN = 10% Point to 90% Point 


T6 
Output Valid Delay: 
LAD 
4 
35 
ns 
CL = 100 pF 
WY 
4 
35 
ns 
CL = 125 pF 
CW, WD, SS Busy 
4 
30 
ns 
CL = 75 pF 
CR 
4 
45 
ns 
CL = 75 pF 
Controls(1) 
2 
35 
ns 
CL = 75 pF 


T7 
ALE Width 
15 
ns 
CL = 75 pF 


TB 
ALE Invalid Delay 
20 
ns 
CL = 75 pF 


T9 
Output Float Delay: 
LAD 
5 
20 
ns 
CL = 100pF 
WY 


- 
5 
22 
ns 
CL = 125pF 
Controls(1) 
5 
22 
ns 
CL = 75 pF 


T10 
Input Setup Time: 
, 


LOCK,HOLD,HOLDAR,READY 
8 
ns 
10% Point 
ECC,UNC 
15 
ns 
10% Point 
Controls(1 ) 
3 
ns 
10% Point 


T11 
Input Data Hold 
10 
ns 
90% Point 


T12 
Setup to ALE Inactive 
10 
ns 
CL = 100 pF (LAD) 
CL = 75 pF (Controls) 
- 
~ 


T13 
Hold after ALE Inactive 
8 
ns 
CL = 100 pF (LAD) 
CL = 75 pF (Controls) 


T14 
RE$ET 
Hold 
5 
ns 


T15 
RESET Setup 
8 
ns 


T16 
RESET Width 
1250 
ns 
40 CLK2 Periods Minimum 


T17 
Clock to Data Valid 
17 
ns 
CL = 50 pF 
(AP-Bus) 
10L = 50mA 


T1B 
Clock to High 
14 
ns 
Impedance 
(AP-Bus) 


T19 
Output Hold 
5 
ns 
CL = 50 pF 
(AP-Bus) 
10L = 50 mA 


T20 
Input Setup (AP-Bus) 
7 
ns 


T21 
Input Hold (AP-Bus) 
10 
ns 


NOTE: 
1_ "Controls" 
include 
all L-Bus I/O pins not otherwise 
specified. 


5-83 


inter 
M82965 


EDGE 


T, 
'. 
" I 


H'GH 
lEVEL 
(1olIN) O.~~VCC 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
10'; 


I 


lOW 
lEVEL 
(IolAX) 
1.0V 
I 
I 


I 
I 


I 
I 
I 
14 
T5~ 
T. ----. 
, 
, 


271082-26 


Figure 22. CLK2 Timing 


A, 
.1.2 
D 
.1.3 
C 


OUTPUTS: 
LA031-LADo· 


READY.CR, 


BAOAC. iAC,. ileo 


CW'WY 
" 
WYO' 


WDt.Woo 


INPUTS: 


LAD31-tA°O' 


CACHE,W/R, 
BE3-BEa, 


lOCK,ADS 


ClK2 


2.0V 


T,O-l--- T" 
T,o 
T" 


VALID 
~AWP " 
~:~~ 
O.BV 
2.0V 
VALID 
~AWP '2 
o.sv 


-NOTE: 
LERL signals 
must be asserted 
at both edges A2 and A3 in order for them to be recognized 
by the BXU. 
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Figure 23. Drive Levels and Measurement 
Points for A.C. Specifications. 
L-Bus Timings for the BXU as a Bus Slave 
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*NOTE: 
LERL signals 
must be asserted 
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Figure 24. Drive Levels and Measurement 
Points for A.C. Specifications. 
L-Bus Timings for the BXU as a Bus Master 


5-85 


inter 
M82965 


LAD(31-0) 


r, 
r, 


ClK2 ~1t~ru("\.,("\.,("\.,~~("\.,ru 
~~~~--'~'---i~ 
__/'~~~ 


-T6·-TI31 
-Tg 
T10+T,,- 
-T6.~ 
T131 
-T6• 
- 
T9r 


~'\ 
AOORESSC\."'-."'-."'-."'-.~ DATA~~0.."'-."'-.'" ~'\ 
ADDRESS~" 
DATA 
X\.'" 0-."'-."'-.'0 


f-.T8• T'4 I-- 
T8•1- 
I--Tg 
~ 
R. 
I\.'\.,. '\.,.'\.,.~ 
0-.'\.,. 
'\.,.'\.,." ~~ 
m 
~"'-.~ 
0."'-."'-."'-." 


H7~ 
f-.T7.J 


'; 


~ 


~~ 
~"'-."'-."'-."'-."'-."'-."'-." 0.."'-."'-.'0~"'-."'-.~ 
10..~ 
~"'-."'-."'-."'-."'-."'-.~0.."'-."'-."'-."'-."'-."'-."'-."'-.~ 
10.."'-."'-.'0~"'-."'-.'" 


f.-T'3~ 
T'4f-- 
~ 
Tgt- 
I- 
T'3· 
T'4 f-- 
~ 
TII-- 
m 
J0." 0.."" 0.."\: 
~,,\ 
f.T61 
TI- I- 
-TSI 
--r 
10.."""" 
&'0 
~"'-."'-."'-."'-."'-.w 
~ 
- T6 f-- 
f.-T6l 


'\.'" 
~ 
,\" 
rY 


T,o· -T" 
iT,o· 
~T"I 
1,0" -T, 


~"'-."'-."'-."'-."'-."'-."'-.~ 0..""",- 
R--."'''-;: 0.."""",\ 
0.."""/' 
,.."'-."'-., 
~"'-."'-."'-."'-."'-." 


.' 


ClK 


W/R 


OT/R 


271082-29 


Figure 25. Relative Timing for L-Bus Signals 
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·NOTE: 
SERL signals 
must be asserted 
at both edges 
A2 and A3 in order for them to be recognized 
by the SXU. 


Figure 26. Relative 
Timing for AP-Bus Signals 
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Figure 27. RESET Setup and HOLD Timing 
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Input hold times can be disregarded by the designer 
whenever the input is removed because of a subse- 
quent output from the BXU (e.g., DEN becomes 
deasserted). In other words, whenever the BXU gen- 
erates an output that indicates a transition into a 
subsequent state, the BXU will have sampled any 
inputs for the previous state. 


As an example, in the recovery (Tr) cycle following a 
read, the minimum time (ts Min) that DEN becomes 
asserted is specified to be less than the minimum 
hold time on the data (tll 
Min). When DEN is assert- 
ed, however, the data is guaranteed to have been 
sampled. 


Similarly, whenever the BXU generates an output 
that indicates a transition to a subsequent state, any 
outputs that are specified to be tri-stated in this new 
state will be tri-stated. 


For example, in the data (Td) cycle following an ad- 
dress (Tal cycle for a read, the minimum output de- 
lay (ts Min) of DEN is specified to be less than the 
maximum float time of LAD (tg Max). When DEN is 
asserted, however, the LAD outputs are guaranteed 
to have been tri-stated. 


AP-BUS SIGNAL 
TIMING 
CONSIDERATIONS 


The AP-Bus uses three-quarter cycle signaling for 
data transmission. Data is driven on edge D and 
sampled on edge C. This approach allows three- 
quarters of the bus cycle to be used for data trans- 
'mission. 


The remaining (one-quarter) time allows for clock 
skew and signal hold time. All AP-Bus signals except 
for the ARB, CHK, and BERL signals use this timing. 
The relationship of the AP-Bus signals is shown in 
Figure 28. 


The CHK signals (interlaced parity) are delayed by 
one-half cycle or one phase to allow for generation 
of parity from the internal data that is being transmit- 
ted. The CHK lines are sampled one phase after the 
data has been sampled and compared against the 
parity generated for the received data. 


Most input signals on the AP-Bus are sampled on 
the rising edge of CLK2 at edge C. The exceptions 
are the error signals CHK, BERL and ARB, which 
are sampled on the rising edge of CLK2 at edge A. 
Regardless of the edge, the setup and hold times 
are the same. 


All outputs on the AP-Bus are driven relative to t e 
falling edge of CLK2 at the middle of phase 2, ex- 
cept CHK, BERL and ARB, which transition on the 
falling edge of CLK2 at the middle of phase 1. 


When designing a system based on the AP-Bus, the 
system topology will be limited by the available prop- 
agation time for signals in the system. The propaga- 
tion time must allow for settling of ringing, ground 
shift, and crosstalk, all of which are dependent on 
board and system materials and design. 


The following equation gives the propagation time 
available, given a specific clock implementation and 
frequency: 


Where Tskew is the worst case clock skew between 
BXUs (clock skew is the time delay between any two 
clocks in the system due to physical distribution lim- 
its). 


In AP-Bus systems, this skew is defined as follows: . 


L-Bus Waveforms 


Figures 30 through 36 illustrate the relationship of 
- 
Bus signals during a variety of bus transactions. For 
a detailed discussion of the operation of the L-Bus, 
consult the 80960MC 
Hardware 
Designer'S 
Refer- 
ence Manual. 
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Figure 28. AP-Bus Signal Timing 
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Figure 29. System and Processor Clock Relationship 
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Figure 30. L-Bus Read Transaction 
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Figure 31. L-Bus Write Transaction 
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Figure 32. L-Bus Burst Read Transaction 
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Figure 33. L-Bus Burst Write Transaction 
with One Wait State 
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Figure 34. Hold Timing 
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Figure 35. Interrupt 
Acknowledge 
Transaction 
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80960SA/80960SB 
EMBEDDED 32-BIT PROCESSORS 
WITH 16-BIT BURSl" DATA BUS 


• 
High-Performance 
Embedded 
Architecture 
- 
16 MIPS Burst Execution at 16 MHz 
- 
5 MIPS· Sustained Execution at 
16 MHz 


• 
512-Byte On-Chip Instruction 
Cache 
- 
Direct Mapped 
- 
Parallel Load/Decode 
for Uncached 
Instructions 


• 
Multiple Register Sets 
- 
Sixteen Global 32-Bit Registers 
- 
Sixteen Local 32-Bit Registers 
- 
Four Local. Register Sets Stored 
On-Chip 
. 


- 
Register Scoreboarding 


• 
Software Compatible with 
B0960KA/KB/CA 


• 
Built-In Interrupt Controller 
- 
4 Direct Interrupt 
Pins 
- 
32 Priority Levels 256 Vectors 
- 
Supports B259A 


• 
Built-In Floating Point Unit 
(B0960SB only) 
- 
Fully IEEE 754 Compatible 


• 
Easy to Use, High Bandwidth 
16-Blt Bus 
- 
25.6 MByte/sec 
Burst 
- 
Up to 16 Bytes Transferred 
per Burst 


• 
32-Bit Address Space, 4 Gigabytes 


• 
BO-LeadQuad Flat Pack (EIAJ QFP) 


• 
B4-Lead Plastic Leaded Chip Carrier 
(PLCC) 


The 80960SA 
and 80960S8 
are members 
of Intel's i960 32·bit processor 
family, which are designed 
especially 
for low cost embedded 
applications. 
They are based on the family's 
high performance, 
common 
core architec- 
ture, and include 
a 512-byte 
instruction 
cache 
and a built-in interrupt 
controller. 
The 80960SA 
and 80960S8 
have a larger 
register 
set, multiple 
parallel 
execution 
units, and a high bandwidth, 
ts-blt, burst 
bus. Using 
advanced 
RISC technology, 
these 
high performance 
processors 
are capable 
of execution 
rates in excess 
of 


4.2 million 
instruction 
per second.' 
The 80960SA 
and 80960S8 
are well-suited 
for a wide 
range 
of cost 


sensitive 
embedded 
applications 
such 
as laser 
printers, 
EISA and 
MCA adapters, 
disk controllers, 
and X 
Terminals. 


'Relative 
to Digital Equipment 
Corporation's 
VAX-11 1780" at MIPS 


8096058 
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"V 
AX-11TM is a trademark 
of Digital Equipment 
Corporation. 
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SIXTEEN 
LOCAL 
32-BIT 
REGISTERS 
REGISTERS 


r15I32-BITS I ARITHIoIETIC CONTROLS 
I 32-BITS I INSTRUCTION POINTER 
I 32-BITS I PROCESS CONTROLS 
I 32-BITS I TRACE CONTROLS 
232_1 


NOTES: 
1. Register 
g15 is reserved 
for stack 
management 
functions. 


2. Floating-Point 
registers 
and operations 
are available 
only in the 9605B 
and 960KB 
processors. 


3. Registers 
ro, rt, 
and r2 are reserved 
for stack 
management 
functions. 


THE 1960 SERIES 


The 80960SA 
and 80960S8 
are members 
of a new 
family of 32-bit microprocessors 
from Intel known as 
the i960 Series. This series was especially 
designed 
to serve the needs 
of embedded 
applications. 
The 
embedded 
market 
includes 
applications 
as diverse 
as industrial 
automation, 
avionics, 
image processing, 


graphics. 
robotics, 
telecommunications. 
and 
auto- 
mobiles. 
These types of applications 
require high in- 
tegration, 
low power consumption, 
quick interrupt 
re- 
sponse 
times, 
and high performance. 
Since time to 
market 
is critical. 
embedded 
microprocessors 
need 
to be easy 
to use in both 
hardware 
and software 
designs. 


gO..-----. 
SIXTEEN 
GLOBAL 
32-BIT 
REGISTERS 
REGISTERS( 1) 
gI5L... __ 
.....J 


IpO 
I 
FOUR BO-BIT 
REGISTERS 


I~ ~==:::::__ ';"".....J 


All members 
of the 80960 
series 
share 
a common 
core architecture 
which 
utilizes 
RiSe 
technology 
so 
that, 
except 
for special 
functions. 
the family 
mem- 
bers are object 
code compatible. 
Each new proces- 
sor in the series will add its own special 
set of func- 
tions 
to the core to satisfy 
the needs 
of a specific 
application 
or range 
of applications 
for the embed- 
ded market. 
For example. 
future 
processors 
may in- 
clude a DMA controller, 
a timer, or an AID 
convert- 
er. 


Software 
written 
for the 80960SA 
and 80960S8 
will 
run without 
modification 
on any other member 
of the 
80960 
family. 
The 80960SA 
is pin compatible 
with 
the 80960S8, 
which 
inoludes 
an integrated 
floating- 


point unit. 


0..-----. 
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POINT 
REGISTERS(2) 
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Figure 2. 80960 Register Set 
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Key Performance Features 


The 80960SA and 80960SB's architecture is based 
on the most recent advances in RISC technology 
and is grounded in Intel's long experience in design- 
ing embedded controllers. Many features contribute 
to the 80960SA and 80960SB exceptional perform- 
ance. 


1. Large Register Set. Modern compilers can take 
advantage of a large number of registers to optimize 
execution 
speed. 
For 
maximum 
flexibility, 
the 
80960SA and 80960SB provide 32 32-bit registers 
and four 80-bit floating registers. (See Figure 2.) 


2. Fast Instruction 
Execution. 
Simple functions 
make up the bulk of instructions in most programs, 
so that execution speed can be greatly improved by 
ensuring that these core instructions execute in as 
short a time as possible. The most-frequently exe- 
cuted instruction such as register-register moves, 
add/subtract, logical operations, and shifts execute 
in one to two cycles (Table 1 contains a list of in- 
structions). 


3. Load/Store 
Architecture. 
Like other processors 
based on 
RISC technology, 
the 
80960SA and 


80960SB has a Load/Store architecture. Only the 
LOAD and STORE instructions reference memory; 
all other instructions operate on registers. This type 
of architecture simplifies instruction decoding and is . 
used in combination with other techniques to in- 
crease parallelism. 


4_Simple Instruction 
Formate, All instructions in 


the 80960SA and 80960SB are 32 bits long and 
must be aligned on word boundaries. This alignment 
makes it possible to eliminate the instruction-align- 
ment stage in the pipeline. To simplify the instruction 
decoder further, there are only five instruction for- 
mats and each instruction uses only one format. 
(See Figure 3.) 


5. Overlapped Instruction 
Execution. A load oper- 


ation allows execution of subsequent instructions to 
continue before the data has been returned from 
memory, so that these instructions can overlap the 
load. The 80960SA and 80960SB manage this pro- 
cess transparently to software through the use of a 
register scoreboard. Conditional instructions also 
make use of a scoreboard so that subsequent unre- 
lated instructions can be executed while the condi- 
tional instruction is pending. 
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Figure 3. Instruction 
Formats 
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Table 
1. 80960SA 
and 80960SB 
Instruction 
Set 


Data Movement 
Arithmetic 
Logical 
Bit and Bit Field 


Load 
Add 
And 
Set Bit 
Store 
Subtract 
Not And 
Clear Bit 
Move 
Multiply 
And Not 
Not Bit 
Load Address 
Divide 
Or 
Check Bit 
Remairider 
Exclusive 
Or 
Alter Bit 
Modulo 
Not Or 
Scan for Bit 
, 


Shift 
Or Not 
Scan over Bit 
Extended 
Multiply 
Nor 
Extract 
Extended 
Divide 
Exclusive 
Nor 
Modify 
Not 
Nand 
Rotate 


Comparison 
Branch 
Call/Return 
Fault 


Compare 
Unconditional 
Branch 
Call 
Conditional 
Fault 
Conditional 
Compare 
Conditional 
Branch 
Call Extended 
Synchronize 
Faults 
Compare 
and 
Compare 
and Branch 
Call System 
Increment 
Return 
Compare 
and 
Branch and Link 
Decrement 


Debug 
Miscellaneous 
Decimal 
, 


Modify Trace Controls 
Atomic Add 
Move 
Mark 
Atomic 
Modify 
Add with Carry 
Force Mark 
Flush Local Registers 
Subtract 
with Carry 
Modify Arithmetic 
Controls 
Scan Byte for Equal 
Test Condition 
Code 


Conversion 
Floatlng·Polnt 
Synchronous 
(80960SB 
only) 
(80960SB 
only) 


Convert 
Real to Integer 
Move Real 
Synchronous 
Load 
Convert 
Integer to Real 
Add 
Synchronous 
Move 
Subtract 
Multiply 
Divide 


- 


Remainder 
Scale 
Round 
Square Root 
Sine 
Cosine 
Tangent 
- 
Arctangent 
Log 
Log Binary 
Log Natural 
Exponent 
Classify 
Copy Real Extended 
Compare 


6-4 


ou~ou;:,c 
are 
excepuonauy 
1n5en51l1Ve (0 
memory 
wait states. In fact, each wait state causes only a 
10%'degradation in system performance. The bene- 
fit is that the 809605A and 8096058 will deliver out- 
standing performance even with a low cost memory 
system. 


8. Cache Bypass. If there is a cache miss, the proc- 
essor fetches the needed instruction, then sends it 
on to the instruction decoder at the same time it 
updates the cache. Thus, no extra time is taken to 
load and read the cache. 


Memory Space and Addressing 
Modes 


The 809605A and 8096058 offer a linear program- 
ming environment so that all programs running on 
the processors are contained in a single addre~s 
space. The maximum size of the address space IS 
4 Gigabytes. 


For ease of use, the 809605A and 8096058 have a 
small number of addressing modes, but include all 
those necessary to ensure efficient compiler imple- 
mentations of high-level languages such as C, For- 
tran and Ada. Table 2 lists the memory addressing 
modes. 


Large Register Set 


The following environment of the 809605A and 
8096058 include a large number of registers. In fact, 
32 registers are available at any time. The availability 
of this many registers greatly reduces the number of 
memory accesses required to execute most pro- 
grams, which leads to greater instruction processing 
speed. 


There are two types of general-purpose registers: 
local and global. The global registers consist of six- 
teen 32-bit registers (GOthrough G15). These regis- 
ters perform the same function as the general-pur- 
pose registers provided in other popular microproc- 
essors. The term global refers to the fact that these 
registers retain their contents across procedureI 
calls.' 


The local registers, on the other hand, are proce- 
dure specific. For each procedure call, the 809605A 
and 8096058 allocate 16 local registers (ROthrough 
R15). Each local register is 32 bits wide. 


Multiple Register Sets 


To further increase the efficiency of the register set, 
multiple sets of local registers are stored on-chip. 
This cache holds up to four local 'register frames, 
which means that up to three procedure calls can be 
made without having to access the procedure stack 
resident in memory. 
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Table 2. Memory 
Addressing 
Modes 


• 
12-Bit Offset 
• 
32-Bit Offset 
• 
Register-Indirect 
• 
Register + 12-Bit Offset 
• 
Register + 32-Bit Offset 
• 
Register + (Index-Register x Scale-Factor) 
• 
Register x Scale Factor + 32-Bit Displacement 
• 
Register + (Index-Register x Scale-Factor) + 32-Bit Displacement 


Scale-Factor is 1, 2, 4, 8 or 16 


Although programs may have procedure calls nest- 
ed many calls deep, a program typically oscillates 
back and forth between only two or three levels. As 
a result, with four stack frames in the cache, the 
probability of there being a free frame on the cache 
when a call is made is very high. In fact, runs of 
representative C-Ianguageprograms show that 80% 
of the calls are handled without needing to access 
memory. 


If there are four or more active procedures and a 
new procedure is called, the processor moves the 


oldest set of local registers in the register cache to a 
procedure stack in memory to make room for a new 
set of registers. Global register G15 is used by the 
processor as the frame pointer (FP) for the proce- 
dure stack. 


Note that the global registers are not exchanged on 
a procedure call, but retain their contents, making 
them available to all procedures for fast parameter 
passing. An illustration of the register cache is 
shown in Figure 4. 
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Local Register 
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Figure 4. Multiple Register 
Sets are Stored 
On-Chip 
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Instruction 
Cache 


To further 
reduce 
memory 
accesses, 
the 80960SA 
and 80960SB 
include 
a 512-byte 
on-chip 
instruction 
cache. 
The instruction 
cache 
is based 
on the con- 
cept of locality 
of reference; 
that is, most programs 
are not usually executed 
in a steady stream but con- 
sist of many branches 
and loops that lead to jumping 
back 
and 
forth 
within 
the 
same 
small 
section 
of 
code. Thus, by maintaining 
a block of instructions 
in 
a cache, the number of memory 
references 
required 
to read instructions 
into the processor 
can be greatly 
reduced. 


To 
load 
the 
instruction 
cache, 
instructions 
are 
fetched 
in 16-byte 
blocks, so that up to four instruc- 
tions 
can be fetched 
at one time. An efficient 
pre- 
fetch 
algorithm 
increases 
the probability 
that an in- 
struction 
will already be in the cache when it is need- 
ed. 


Code for small loops will often fit entirely 
within the 
cache, 
leading 
to 
a great 
increase 
in processing 
speed since further memory 
references 
might not be 
necessary 
until the program 
exits the loop. Similarly, 
when calling short procedures, 
the code for the call- 
ing procedure 
is likely to remain 
in the cache, 
so it 
will be there on the procedure's 
return. 


Register Scoreboarding 


The instruction 
decoder 
has been optimized 
in sev- 
eral ways. One of these optimizations 
is the ability to 
do 
instruction 
overlapping 
by 
means 
of 
register 
scoreboarding. 


Register 
scoreboarding 
occurs 
when 
a LOAD 
in- 
struction 
is executed 
to move a variable from memo- 
ry into a register. 
When the instruction 
is initiated, 
a 
scoreboard 
bit on the target register is set. When the 
register 
is actually 
loaded, 
the 
bit is reset. 
In be- 
tween, 
any reference 
to the register 
contents 
is ac- 
companied 
by a test of the scoreboard 
bit to insure 
that the load has completed 
before processing 
con- 
tinues. Since the processor 
does not have to wait for 
the.LOAD 
to be completed, 
it can go on to execute 


additional 
instructions 
placed 
in between 
the LOAD 
instruction 
and the instruction 
that uses the register 
contents, 
as shown 
in the following 
example: 


LOAD address 
1, R4 
LOAD address 
2, R5 
Unrelated 
instruction 
Unrelated 
instruction 
ADD R4, R5, R6 


In essence, 
the two unrelated 
instructions 
between 
the 
LOAD 
and 
ADD 
instructions 
are executed 
for 
free (i.e., take no apparent 
time to execute) 
because 
they are executed 
while the register 
is being loaded. 
Up to three instructions 
can be pending 
at one time 
with three corresponding 
scoreboard 
bits set. By ex- 
ploiting 
this feature, 
system 
programmers 
and com- 
pilers 
have 
a useful 
tool 
for 
optimizing 
execution 
speed. 


Floating-Point 
Arithmetic 


In the 80960SB, 
floating-point 
arithmetic 
has been 
made an integral 
part of the architecture. 
Having the 
floating-point 
unit 
integrated 
on-chip 
provides 
two 
advantages. 
First, 
it improves 
the 
performance 
of 
the chip for floating-point 
applications, 
since no ad- 
ditional 
bus 
overhead 
is associated 
with 
floating- 
point calculations, 
thereby 
leaving more time for oth- 
er bus operations 
such as 1/0. Second, 
the cost of 
using floating-point 
operations 
is reduced 
because 
a 
separate 
coprocessor 
chip is not required. 


The 80960SB 
floating-point 
(real number) data types 
include 
single-precision 
(32-bit), 
double-precision 
6 
(64-bit), 
and 
extended 
precision 
(80-bit) 
floating- 
point numbers. 
Any register 
may be used to execute 
floating-point 
operations. 


The processor 
provides 
hardware 
support 
for both 
mandatory 
and 
recommended 
portions 
of 
IEEE 
Standard 
754 for floating-point 
arithmetic, 
exponen- 
tial, logarithmic, 
and other transcendental 
functions. 


Table 3 shows execution 
times for some representa- 
tive instructions. 


6-7 


80960SA/80960SB 
~[Q)W~OO©~ 
OOO!P@OO[M]~'iiO@OO 


Table 3. Sample Floating-Point 
Execution 
Times (ILS) at 16 MHz 


32-Blt 
64-Blt 


Add 
0.6 
0.8 


Subtract 
0.6 
0.8 


Multiply 
1.1 
2.0 


Divide 
2.0 
4.5 


Square Root 
5.8 
6.1 


Arctangent 
15.8 
20.5 


Exponent 
17.7 
19.5 


Sine 
23.8 
25.9 


Cosine 
23.8 
25.9 


High Bandwidth 
Bus 


The 80960SA 
and 80960SB 
CPUs reside on a high- 
bandwidth 
address/data 
bus. The bus provides 
a di- 
rect 
communication 
path 
between 
the 
processor 
and the memory 
and 110 subsystem 
interfaces. 
The 
processor 
uses the bus to fetch instructions, 
manip- 
ulate memory, and respond 
to interrupts. 
Its features 
include: 


• 
16-bit data path multiplexed 
onto the lower bits of 
the 32-bit address 
path 


• 
Eight 
16-bit 
half-word 
burst 
capacity, 
which 
al- 


lows transfers 
from 1 to 16 bytes at a time 


• 
High bandwidth 
reads and writes 
a 25.6 MBytes 
per second 


Figure 5 identifies 
the groups 
of signals 
which 
con- 
stitute the Bus. Table 4 lists the function 
of the Bus 
and other processor-support 
signals, 
such as the in- 


terrupt 
lines. 


Interrupt 
Handling 


The 
80960SA 
and 80960S8 
can be interrupted 
in 
one ,of two 
ways: 
by the activation 
of one 
of four 


interrupt 
pins or by sending 
a message 
on the proc- 
essor's 
data bus. 


The 80960SA 
and 80960SB 
are unusual in that they 
automatically 
handle 
interrupts 
on a priority 
basis 
and track 
pending 
interrupts 
through 
their 
on-chip 


interrupt 
controller. 
Two of the interrupt 
pins can be 
configured 
to provide 8259A handshaking 
for expan- 
sion beyond 
four interrupt 
lines. 


\ 


960SA/SB 
Bus 


960SA/SB 
Bus Signal Groups 
\ 


Address 
32-lInes 
Data 
16-Lines 


Control 
Address, 
Data, 0 
erotlon 
Si nals - 15-lInes 


<r 
~A~r~bl~tr~at~lo~n~(~2~-L~ln~e~SL) 
> 


270917-5 


Figure 5. 80960SA 
and 80960SB 
Bus Signal Groups 
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Debug Features 


The 80960SA and 80960SB have built-in debug ca- 
pabilities. There are two types of breakpoints and six 
different trace modes. The debug features are con- 
trolled by two internal 32-bit registers, the Process- 
Controls Word and the Trace-Controls Word. By set- 
ting bits in these control words, a software debug 
monitor can closely control how the processor re- 
sponds during program execution. 


The 80960SA and 80960SB have both hardware 
and software breakpoints. They provide two hard- 
ware breakpoint registers on-chip which can be set 
by a special command to any value. When the in- 
struction pointer matches the value in one of the 
breakpoint registers, the breakpoint will fire, and a 
breakpoint handling routine is called automatically. 


Tracing is available for all instructions (single-step 
execution), calls and returns, and branching. Each 
different type of trace may be enabled separately by 
a special debug instruction. In each case, the 
80960SA and 80960SB execute the instruction first 
and then call a trace handling routine (usually part of 
a software debug monitor). Further program execu- 
tion is halted until the trace routine is completed. 
When the trace event handling routine is completed, 
instruction execution resumes at the next instruc- 
tion. The 80960SA and 80960S13'stracing mecha- 
nisms, which are implemented completely in hard- 
ware, greatly simplify the task of testing and debug- 
ging software. 


FAULT 
DETECTION 


The 80960SA and 80960SB have an automatic 
mechanism to handle faults. There are ten fault 
types including trace, arithmetic, and floating-point 
faults. When the processor detects a fault, it auto- 
matically calls the appropriate fault handling routine 
and saves the current instruction pointer and neces- 
sary state information to make efficient recovery 
possible. The processor posts diagnostic informa- 
tion on the type of fault to a Fault Record. like inter- 
rupt handling routines, fault handing routines are 
usually written to meet the needs of a specific 


application and are often included as part of the op- 
erating system or kernel. 
. 


For each of the ten fault types, there are numerous 
subtypes that provide specific information about a 
fault. For example, a floating-point fault may have its 
subtype set to an Overflow or Zero-Divide fault. The 
fault handler can use this specific information to re- 
spond correctly to the fault. 


BUILT-IN 
TESTABILITY 


Upon reset, the 80960SA and 80960SB automatical- 
ly conducts an extensive internal test (self-test) of its 
major blocks of logic. Then, before executing its first 
instruction, it does a zero check sum on the first 
eight words in memory to ensure that the system 
has been loaded correctly. If a problem is discov- 
ered at any point during the self-test, the 80960SA 
and 80960SB will indicate a failure and will not begin 
program execution. The self-test takes approximate- 
ly 47,000 cycles to complete. 


System manufacturers can use the 80960SA and 
80960SB's self-test feature during incoming parts in- 
spection. No special diagnostic programs need to be 
written, and the test is both thorough and fast. The 
self-test capability helps ensure that defective parts 
will be discovered before systems are shipped, and 
once in the field, the self-test makes it easier to dis- 
tinguish between problems caused by processor fail- 
ure and problems resulting from other causes. 


CHMOS 


The 80960SA and 80960SB are fabricated using In- 
tel's CHMOS IV (Complementary High Speed Metal 
Oxide Semiconductor) process. This advanced tech- 
nology eliminates the frequency and reliability limita- 
tions of older CMOS processes and opens a new 
era in microprocessor performance. It combines the 
high performance capabilities of Intel's industry- 
leading HMOS technology with the high density and 
low power characteristics of CMOS. The 80960SA 
and 80960SB are available at 10 MHz and 16 MHz. 
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Table 4. 80960SA and 80960SB Pin Description: 
Bus Signals 


Symbol 
Type 
Name and Function 


CLK2 
I 
SYSTEM CLOCK provides the fundamental timing for 80960SA and 80960S8 
systems. CLK2 is divided by two inside the 80960SA and 80960S8 to generate the 
internal processor clock. 


A31-A16 
0 
ADDRESS BUS carries the upper 16 bits of the 32-bit address to memory. It is valid 
T.S. 
throughout the burst cycle, no latch is required. 


AD15-AD1, 
DO 
I/O 
ADDRESS/DATA 
BUS carries the low order 32-bit addresses and 16-bit data to and 
T.S. 
from memory. AD15-AD4 
must be latched since the cycle following the address 
cycle carries data on the bus. 


A3-A1 
0 
ADDRESS BUS carries the byte addresses of the 32-bit address to memory. These 
T.S. 
three bits are incremented during a burst access indicating the next byte address of 
the burst access. Note that A3-A 1 are duplicated with AD3-AD1 
during the address 
cycle. 


ALE 
0 
ADDRESS LATCH ENABLE indicate.s the transfer of a physical address. ALE is 
T.S. 
asserted during a Ta cycle and deasserted before the beginning of the following Td 
state. It is active high and floats to a high impedance state during a hold cycle (Th or 
Thr). 


AS 
0 
ADDRESS STATUS indicates an address state. AS is asserted every Ta state and 
T.S. 
deasserted during the following Td state. AS is driven HIGH during reset. 


w/A 
0 
WRITE/READ 
specifies, during a Ta cycle, whether the operation is write or read. It 
T.S. 
is latched on-chip and remains valid during Td cycles. 


l5rn 
0 
DATA ENABLE is asserted during Td cycles and indicates transfer of data on the AD 
T.S. 
lines. The AD lines should not be driven by an external source unless i5rn is 
asserted. When I5£til is asserted, the outputs from the previous cycle are guaranteed 
to be tri-stated. In addition, l5rn deasserted indicates inputs have been captured and 
therefore input hold times can be disregarded. DEN is driven to a HIGH during reset. 


READY 
I 
READY indicates that data on AD lines can be sampled or removed. If ~ 
is not 
asserted during a Td cycle the Td cycle is extended to the next cycle by inserting a 
wait state (Tw). 


DT/A 
0 
DATA TRANSMIT/RECEIVE 
indicates the direction of the data transfer to and from 
T.S. 
the bus. It is low during Ta and Td cycles for a read or interrupt acknowledgement; 
it 
is high during Ta and Td cycles for a write. DT/A never changes state when l5ENis 
asserted. DT/A is driven HIGH during reset. 


1/0 = InputlOutput. 0 = Output, I = Input, 0.0. = Open-Drain, T.S. = Trl-State. 
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Table 
4. 80960SA 
and 80960SB 
Pin Description: 
Bus Signals 
(Continued) 


Symbol 
Type 
Name and Function 


BLAST/FAIL 
0 
BURST LAST indicates 
the last data cycle (Td) of a burst access. 
It is asserted 
T.S. 
low during the last Td and associated 
Tw cycles in a burst access. 


INITIALIZATION 
FAILURE 
indicates that the processor 
has failed to initialize 
correEQy. The failure state is indicated 
by a combination 
of BLAST asserted 
and 
both BE signals not asserted. 
This condition 
occurs after RESET is deasserted 
and before the first bus transaction 
begins. FAIL is asserted 
while the processor 
performs 
a self-test. 
If the self-test 
completes 
successfully, 
then FAIL is 
deasserted. 
Next, the processor 
performs 
a zero checksum 
on the first eight 
words of memory. 
If it fails, FAIL is asserted 
for a second time and remains 
asserted; 
if it passes, system initialization 
continues 
and FAIL remains deasserted. 


RESET 
I 
RESET clears the internal 
logic of the processor 
and causes it to reinitialize. 


Dot9 RESET assertion, 
the input pins are ignored (except for INTO, INT1, INT3, 


L 
15), the tri-state output pins are placed in a HIGH impedance 
state (except for 
DT /R, DEN, and AS), and other output pins are placed in their non-asserted 
state. 


" 
RESET must be asserted 
for at least 41 CLK2 cycles for a predictable 
reset. 


Optionally, 
for a synchronous 
reset, the LOW to HIGH transition 
of RESET should 


I'·: 
occur after the rising edge of both CLK2 and the external 
bus clock, and before the 
next rising edge of CLK2. 


The interrupt 
pins indicate the initializtion 
sequence 
executed. 
Typical initialization 
requires driving only INTO and INT3 to a HIGH state. The reset conditions 
follow: 


INTO 
INT1 
INT3 
LOCK 
Action 
Taken 


1 
1 
1 
Run self-test 
(core initialization) 


-- 


x 
0 
0 
1 
1 
Disable self-test 
0 
1 
x 
x 
Reserved 
x 
x 
0 
x 
Reserved 
x 
x 
x 
0 
ONCE mode (see LOCK pin) 
\ 


" 
1/0 = Input/Output, 
0 = Output, 
I = Input, 0.0. 
= Open-Dram, 
T.S. = Tn-State. 
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Table 
4. 80960SA 
and 80960SB 
Pin Description: 
Bus Signals 
(Continued) 


Symbol 
Type 
Name and Function 


BE1-BEO 
0 
BYTE ENABLE 
LINES specify which data bytes (up to two) on the bus take part in 
T.S. 
the current bus cycle. BE1 corresponds 
to AD15-AD8 
and BEO corresponds 
to 
AD? -AD1, 
DO. The byte enable lines are asserted 
appropriately 
during each data 
cycle. 


INITIALIZATION 
FAILURE 
indicates 
that the processor 
has failed to initialize 
correctly. 
The failure state is indicated 
by a combination 
of BLAST asserted 
and both 


BE signals not asserted. 
This condition 
occurs after RESET is deasserted 
and before 
the first bus transaction 
begins. FAIL is asserted while the processor 
performs 
a self- 
test. If the self-test 
completes 
successfully, 
then FAIL is deasserted. 
Next, the 
, 
processor 
performs 
a zero checksum 
on the first eight words of memory. 
If it fails, 
FAIL is asserted 
for a second time and remains asserted; 
if it passes, system 
initialization 
continues 
and FAIL remains deasserted. 


INTO 
I 
INTERRUPT 
0 indicates 
a pending interrupt. 
The bus interrupt 
control 
register 
determines 
in which way the signal should be interpreted. 
To signal an interrupt 
request in a synchronous 
system, this pin (as well as the other interrupt 
pins) must be 
enabled 
by being deasserted 
for at least one bus cycle and then asserted 
for at least 
one additional 
bus cycle; in an asynchronous 
system, the pin must remain 
deasserted 
for at least two bus cycles and then be asserted 
for at least two more bus 
cycles. INTO is sampled 
during RESET to determine 
if the self-test 
sequence 
is to be 


executed. 


INT1 
I 
INTERRUPT 
1 indicates 
a direct interrupt, 
like INTO. INT1 is sampled 
during RESET 
to determine 
if the self-test 
sequence 
is to be executed. 


INT2/1NTR 
I 
INTERRUPT 
2/1NTERRUPT 
REQUEST: 
The interrupt 
control 
register determines 
how this pin is interpreted. 
If INT2, it has the same interpretation 
as the INTO and 
INT1 pins. If INTR, it is used to receive an interrupt 
request from an external 
8259A 
compatible 
interrupt controller. 


TNT3/1NTA 
110 
INTERRUPT 
3/1NTERRUPT 
ACKNOWLEDGE: 
The interrupt control 
register 
T.S. 
determines 
how this pin is interpreted. 
If INT3, it has the same interpretation 
as the 
INTO and INT1 pins. If INTA, it is used as an output to control 
interrupt-acknowledge 


bus transactions. 
The INTA output is latched on-chip and remains valid during Td 
cycles. INT3 must be pulled to a HIGH state during RESET. 


1/0 = Input/Output, 0 = Output, I = Input. 0.0. = Open-Drain, T.S. = Tri-State. 
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Table 4 80960SA 
and 80960SB 
Pin Description" 
Bus Signals (Continued) 
. 


Symbol 
Type 
Name and Function 


LOCK 
I/O 
BUS LOCK prevents 
other bus masters from gaining entrol 
of the bus following 
the 
0.0. 
current cycle (if they would assert LOCK to do so). LO 
K is used by the processor 
or 
any bus agent when it performs 
indivisible 
Read/Modify/Write 
(RMW) operations. 
Do 
not leave LOCK unconnected. 
It must be pulled HIGH for the processor 
to function 
properly. 


For a read that is designated 
as an RMW-read, 
LOCK is examined. 
If asserted, 
the 
processor 
waits until it is not asserted; 
if not asserted, 
the processor 
asserts LOCK 
during the Ta cycle and leaves it asserted. 


A write that is designated 
as an RMW-write 
deasserts 
LOCK in the Ta cycle. During 
the time LOCK is asserted, 
a bus agent can perform 
a normal read or write but no 
RMW operations. 
LOCK is also held asserted 
during an interrupt-acknowledge 
transaction. 


ONCE MODE: The LOCK pin is sampled 
during reset. If it is asserted 
LOW at the end 
of RESET, all outputs will be tristated 
until the part is reset. ONCE MODE is used in 
conjunction 
with an ICE. 


HOLD 
I 
HOLD: HOLD indicates 
a request from a secondary 
bus master to acquire the bus. 


When the processor 
receives 
HOLD and grants another 
master control 
of the bus, it 
floats its tri-state 
bus lines and then asserts HLDA and enters the Th state. When 
HOLD is deasserted, 
the processor 
will deassert 
HLDA and go to either the Ti or Ta 
state. 


HLDA 
0 
HOLD ACKNOWLEDGE: 
HLDA indicates 
that bus control 
has been relinquished 
to 
T.S. 
another 
bus master. This signal is always driven. At RESET it is driven LOW. 


N.C. 
N/A 
NOT CONNECTED 
indicates 
pins should not be connected. 
Never connect 
any pin 
marked N.C. 


110 = Input/Output, 0 = Output, I = Input, 0.0. = Open-Drain, T.S. = Tn-State. 


ELECTRICAL 
SPECIFICATIONS 
plane. likewise, 
all Vss pins should 
be strapped 
to- 


gether, 
preferably 
on a ground 
plane. 
These 
pins 


may not be connected 
together 
within the chip. 


Power and Grounding 


The 
80960SA 
and 
80960S8 
are 
implemented 
in 
CHMOS 
IV technology 
and have modest 
power 
re- 
quirements. 
Their 
high clock 
frequency 
and numer- 
ous output buffers 
(address/data, 
control, 
error, and 
arbitration 
signals) can cause power surges as multi- 


. pie output 
buffers 
drive 
new signal 
levels 
simulta- 


neously. 
For clean on-chip 
power distribution 
at high 
frequency, 
12 vcc and 13 Vss pins separately 
feed 
functional 
units of the 80960SA 
and 80960S8 
in the 
package. 


Power Decoupling 
Recommendations 


liberal 
decoupling 
capacitance 
should 
be 
placed 


near the 80960SA 
and 80960S8. 
The processor 
can 


cause transient 
power surges when driving the bus, 


particularly 
when 
it is connected 
to a large capaci- 


tive load. 


Low 
inductance 
capacitors 
and 
interconnects 
are 


recommended 
for best high frequency 
electrical 
per- 


formance. 
Inductance 
can be reduced 
by shortening 


the board traces 
between 
the processor 
and decou- 


pling capacitors 
as much as possible. 


Power and ground connections 
must be made to all 
power 
and 
ground 
pins 
of 
the 
80960SA 
and 
80960S8. 
On the circuit board, all Vcc pins must be 
strapped 
closely 
together, 
preferably 
on 
a power 
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drive network, 
which 
assumes 
that the circuit board 
has a characteristic 
impedance 
of 1oon. The advan- 
tage of terminating 
the output 
signals in this fashion 
is that it limits signal swing and reduces 
A.C. power 
consumption. 


Characteristic 
Curves 


The 
809608A 
and 
8096088 
characteristic 
curves 
shown 
in Figures 
7 through 
10 supply 
information 
regarding 
typical 
supply currents, 
typical current ver- 
sus frequency, 
worst case voltage versus output cur- 
rent 
on 
open 
drain 
pins, 
and 
capacitive 
derating 
curves. 


Figure 
7 shows 
the typical 
supply 
current 
require- 
ments 
over the 
operating 
temperture 
range 
of the 


Test Load Circuit 


Figure 
11 illustrates 
load 
circuit 
used 
to test 
the 
809608A 
and 8096088's 
tristate 
pins, and Figure 12 
shows 
the load circuit 
used to test the open 
drain 
outputs. 
The open drain test uses an active load cir- 
cuit in the form of a matched 
diode bridge. 8ince the 
open-drain 
output sinks current, 
only the IOl legs of 
the bridge 
are necessary 
and the IOH legs are not 
used. When the 809608A 
and 8096088 
driver under 
test is turned off, the output pin in pulled up to VREF 
(i.e., VOH). Diode 01 is turned off and the ICL current 
source 
flow through 
diode 02. 


When the 809608A 
and 8096088 
open-drain 
driver 
under test is on, diode 01 is also on, and the voltage 
on the pin begin tested drops to VOL. Diode 02 turns 
off and IOl flows through 
diode 01. 


vcc 
) 
vcc 


• 180.n 


OPEN-DRAIN 
••••••--0- .• 
OUTPUT 
I 


390.n 


270917-6 


low Drive Network: 


• 
VOH = 3.42V 


• 
IOl = 25.3 mA 


OPEN-DRAIN 
OUTPUT 


280.n 


130.n 


270917-7 


High Drive Network: 


• 
VOH = 3.41V 


• 
IOl = 33.8 mA 


Figure 6. Open Drain Connection 
Recommendations 
for 
Low and High Current 
Drive Networks 
for the LOCK Pin 
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NOT 
AVAILABLE 


Figure 7. Typical Supply Current 
(lcC> 


(Temp 
= +8S'C, 
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Figure 9. Worst Case Voltage 
vs 
Output Current 
on Open-Drain 
Pins 


TRISTATE OUTPUT 


270917-12 


Figure 11. Test Load Circuit for 
Trl-State 
Output 
Pins 
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Figure 8. Typical Current 
vs Frequency 


(Temp = +8S'C, 
vcc = 4.5V) 
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Figure 10. Capacitive 
Derating 
Curve 


IOL Tested at 25 and 40 mA 


VREF = Vec 
0, and O2 ore matched 
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Figure 12. Test Load Circuit for 
Open-Drain 
Output 
Pins 
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ABSOLUTE 
MAXIMUM 
RATINGS 
NOTICE: This data sheet 
contains 
information 
on 
products in the sampling and initial production phases 
of development. 
The specifications 
are subject 
to 
change without notice. 


Operating 
Temperature 
O°C to + 85°C Case 


Storage Temperature 
- 65°C to + 150°C 


Voltage on Any Pin 
-0.5V 
to VCC + 0.5V 


Power Dissipation 
1.8W (16 MHz) 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 
These are stress ratings 
only. Operation 
beyond 
the 


"Operating 
Conditions" 
is not recommended 
and ex- 
tended 
exposure 
beyond 
the 
"Operating 
Conditions" 
may affect device reliability. 


D.C. CHARACTERISTICS 


80960SA 
and 8096058 
(10 MHz and 16 MHz): TCASE = O°C to + 85°C, VCC = 5V ± 10%. 


Symbol 
Parameter 
Min 
Max 
Units 
Conditions 


Vn, 
Input Low Voltage 
-0.3 
+0.8 
V 


VIH 
Input High Voltage 
2.0 
VCC + 0.3 
V 


VCl 
CLK2 Input Low Voltage 
-0.3 
+0.8 
V 
, 


VCH 
CLK2 Input High Voltage 
0.55 VCC 
VCC + 0.3 
V 


VOL 
Output Low Voltage 
0.45 
V 
IOl = 12 mA, LOCK Pin(1) 
0.60 
V 
IOl = 20 mA, LOCK Pin 


VOH 
Output High Voltage 
2.4 
V 


Icc 
Power Supply Current: 
10MHz 
300 
mA 
TJ = 140°C 
16MHz 
360 
mA 


IU 
Input Leakage Current 
±15 
/LA 
Os vo s vcc 


CIN 
Input Capacitance 
10 
pF 
fc = 1 MHz(3) 


Co 
1/0 or Output Capacitance 
12 
pF 
fc = 1 MHz(3) 


CClK 
Clock Capacitance 
10 . 
pF 
fc = 1 MHz(3) 


NOTES: 
1. For tri-state outputs, this parameter is measured at: 
Address/Data 2.0 mA 
Controls 2.5 mA 
Address/Data -0.5 
mA 
Controls - 0.45 mA 
ALE -2.5 
mA 


2. This parameter is measured at: 


3. Input, output, and clock capacitance are not tested. 
4. Not measured on open-drain outputs. 
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A.C. SPECIFICATIONS 


This section describes the A.G. specifications for the 
80960SA and 80960S8 pins. All input and output 
timings are specified relative to the 1.5V level of the 
rising edge of GLK2, and refer to the time at which 
the signal reaches (for output delay and input 


setup) or leaves (for hold time) the level of LOW 
(0.8V) or HIGH (2.0V). All A.G. testing should be 
done with input voltages of O.4V and 2.4V, except 
for the clock (GLK2), which should be tested with 
input voltages of 0.45V and 0.55V vcc- See Figure 
13 for timing relationships for the 80960SA and 
80960S8 signals. 


OUTPUTS: 
AD{1 :15), A(1 :3), DO 
A(16:31), 
8[(0:1) 
DEN,BLAST 
w/P. 


HLDA, LOCK, INTA 


INPUTS: 


AD(1 :15). 
DO 
INTO,INT1 
INT2/INTR. 
INT3 


HOLD 
LOCK 
READY 


A 
B 
c 
o 
B 
c 
o 
A 


CLK2 


T14 
ALE 


DT/P. 
2.0V 
VALID OUTPUT 
O.BV 
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Figure 13. Drive Levels and Timing Relationships 
of 80960SA 
and 8096058 
Signals 
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A.C. Specification Tables 


80960SA 
and 8096058 
A.C. Characteristics 
(10 MHz) 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


T1 
Processor 
Clock 
50 
125 
ns 
VIN = 1.5V 
Period (CLK2) 


T2 
Processor 
Clock Low 
B 
ns 
VIL = 10% Point 
Time (CLK2) 
= 1.2V 


T3 
Processor 
Clock High 
B 
ns 
VIH = 90% Point 
Time (CLK2) 
= 0.1V + 0.5 vcc 


T4 
Processor 
Clock Fall 
10 
ns 
VIN = 90% Point to 10% Point(3) 
Time (CLK2) 


T5 
Processor 
Clock Rise 
10 
ns 
VIN = 10% Point to 90% Point(3) 
Time (CLK2) 


T6 
Output Valid Delay 
2 
31 
ns 
CL = 100 pF (AD and Control) 


T6AS 
AS Output Valid Delay 
2 
25 
ns 
CL = 50 pF 
- 


T7 
ALE Width 
24 
ns 
CL = 100 pF 


TB 
ALE Output Valid Delay 
4 
33 
ns 
CL = 100 pF(l) 


T9 
Output Float Delay 
2 
20 
ns 
CL = 100 pF (AD) 
CL = 100 pF (Controls)(l) 


T10 
Input Setup 1 
10 
ns 


T11 
Input Hold 
2 
ns 
(Note 4) 


T12 
Input Setup 2 
13 
ns 


T13 
Setup to ALE Inactive 
10 
ns 
CL = 100 pF 


T14 
Hold after ALE Inactive 
B 
ns 
CL = 100 pF 


T15 
RESET Hold 
3 
ns 
(Note 2) 


T16 
RESET Setup 
5 
ns 
(Note 2) 


T17 
RESET Width 
2050 
ns 
41 CLK2 Periods Minimum 


NOTES: 
1. A float 
condition 
occurs 
when 
the maximum 
output 
current 
becomes 
less than 
ILO. Float delay 
is not tested, 
but should 
be no longer 
than the valid delay. 


2. Meeting 
RESET 
setup 
and hold times 
is an optional 
method 
of synchronizing 
your clocks. 
If you decide 
to use an asyn- 
chronous 
reset, 
then synchronizing 
the clock 
can be accomplished 
by using AS. 
3. Processor 
clock 
(CLK2) 
rise time and fall time are not tested. 
4. ICE requires 
a minimum 
of 4 ns input hold time. 
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80960SA 
and 80960S8 
A.C. Characteristics 
(16 MHz) 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


T1, 
Processor 
Clock 
31.25 
125 
ns 
VIN = 1.5V 
Period (CLK2) 


T2 
Processor 
Clock Low 
8 
ns 
VIL = 10% Point 
Time (CLK2) 
= 1.2V 


T3 
Processor 
Clock High 
8 
ns 
VIH = 90% Point 
Time (CLK2) 
= 0.1V + 0.5 vcc 


T4 
Processor 
Clock Fall 
10. 
ns 
VIN = 90% Point to 10% Point(3) 
Time (CLK2) 


T5 
Processor 
Clock Rise 
10 
ns 
VIN = 10% Point to 90% Point(3) 
Time (CLK2) 


T6 
Output Valid Delay 
2 
25 
ns 
CL = 100 pF (AD and Control) 


T6AS 
AS Output Valid Delay 
2 
21 
ns 
CL = 50pF 


T7 
ALE Width 
15 
ns 
CL = 100 pF 


T8 
ALE Output Valid Delay 
2 
22 
ns 
CL = 100 pF(1) 


T9 
Output Float Delay 
2 
20 
ns 
CL = 100 pF (AD) 
CL = 100 pF (Controls)(1) 


T10 
Input Setup 1 
10 
ns 


T11 
Input Hold 
2 
ns 
(Note 4) 


T12 
Input Setup 2 
13 
ns 


T13 
Setup to ALE Inactive 
10 
ns 
CL = 100 pF 


T14 
Hold after ALE Inactive 
8 
ns 
CL = 100pF 


T15 
RESET Hold 
3 
ns 
(Note 2) 


T16 
RESET Setup 
5 
ns 
(Note 2) 


T17 
RESET Width 
- , 
1281 
ns 
41 CLK2 Periods Minimum 


NOTES: 
1. A float condition 
occurs 
when 
the maximum 
output 
current 
becomes 
less than 
ILO. Float 
delay 
is not tested, 
but should 
be no longer than the valid delay. 
2. Meeting 
RESET 
setup 
and hold times 
is an optional 
method 
of synchronizing 
your clocks. 
If you decide 
to use an asyn- 
chronous 
reset, then synchronizing 
the clock 
can be accomplished 
by using AS. 
3. Processor 
clock 
(CLK2) rise time and fall time are not tested. 
4. ICE requires 
a minimum 
of 4 ns input hold time. 
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Td 
Tr 
To 
To 
Tw 
Td 
Tr 


CLK 


CLK2 


A(4:15)/D(0:15) 


A(1 :3) 


&(0:1) 


A(16:31) 


ALE 


W/R 


DT/R 
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NOTES: 
1. The AD and control 
signals 
are driven at all times 
except 
during 
a HOLD acknowledge 
(HLDA asserted) 
RESET, 
and 
ONCE 
mode. 


2. The AD and control 
signals 
may toggle 
during 
idle (Ti) or recovery 
(Tr) cycles. 


Figure 14. Timing Relationships 
of the 80960SA 
and 80960SB 
Bus 
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1. The A edge 
is defined 
as the first rising CLK2 edge after 
RESET# 
is deasserted 
meeting 
the RESET 
hold and setup 
times. 
. 


2. Initialization 
Parameters 
must be setup at least four CLK2s 
prior to the first A edge. 


Figure 15. RESET Signal Timing 
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HOLD 


HLOA 


Design Considerations 


Figure 16. HOLD Timing Relationships 


irnum float time of AD is 20 ns. When DEN is assert- 
ed, however, 
the AD outputs are guaranteed 
to have 
been tri-stated. 
Input hold times can be disregarded 
by the designer 
whenever 
the 
input 
is removed 
because 
a subse- 
quent output from the processor 
is deasserted 
(e.g., 
DEN becomes 
deasserted). 
Designing for the ICE-960SB 


The 809608A 
and 8096088 
ln-Oircuit 
Emulator 
as· 
sists in debugging 
809605A 
and 8096058 
hardware 
and 
software 
designs. 
The 
product 
consists 
of a 
probe module, cable, control 
unit, and power supply. 
8ecause 
of 
the 
high 
operating 
frequency 
of 
the 
809605A 
and 8096058 
systems, 
the probe 
module 


Whenever 
the processor 
generates 
an output 
that 
indicates 
a transition 
into a subsequent 
state, 
any 
outputs 
that are specified 
to be tri-stated 
in this new 
state are guaranteed 
to be tri-stated, 
For example, 
in 
the 
Td cycle 
following 
a Ta cycle 
for a read, 
the 
minimum 
output 
delay of DEN is 2 ns, but the max- 
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connects directly to the S0960SA and S0960SB 
component (EIAJ QFP or PLCC)or a socket for the 
PLCC. 


When designing an S0960SA and S0960SB hard- 
ware system that uses the ICE-96qSB to debug the 
system, several electrical and mechanical character- 
istics should be considered. These considerations 
include capacitive loading, drive reqeirement, power 
requirement, and physical layout. 


The ICE-960SB probe module increases the load 
capacitance of each line by up to 25 pF. This load 
originates from the probe module and are driven by 
the S0960SA and S0960SB processor. 


To achieve high noise immunity, the ICE-960SB 
probe is powered by the user's system. The high- 
speed probe circuitry draws up to 1.1A plus the max- 
imum current (Icd 
of the S0960SA and S0960S8 
processor. 


The AD bus should not be driven by an external 
source unless DEN is asserted. In addition, the ICE 
requires a minimum data hold time of 4 ns. 


The ICE960SB probe will drive LOCK to a LOW 
state during RESET to force the target 960SA and 
S0960S8 to enter ONCE mode. To guarantee tim- 
ings, the ICE requires ± 5% supply voltage supplied 
to the S0960SA and S0960SB. The ICE probe re- 
quires a minimum of 0.25 inches clearance on all 
sides of both the EIAJ QFP and PLCC. 


MECHANICAL 
DATA 


Package 
Dimensions 
and Mounting 


The S0960SAand S0960S8 is available in two differ- 
ent packages: an SO-leadquad flat pack (EIAJ QFP), 
shown in Figure 17, and an S4-lead plastic leaded 
chip carrier (PLCC), shown in Figure 1S. 


Pin Assignment 


The QFP and PLCC have different pin assignments. 
The QPF pins are numbered in order from 1 to SO 


around the package's perimeter. The PLCC pins are 
numbered in order from 1 to S4 around the pack- 
age's perimeter. Tables 9 and 10 list the function of 
each pin in the QFP. Tables 11 and 12 list the func- 
tion of each pin in the PLCC. 


'(cc and GND connection must be made to multiple 
VCCand GND pins. Each vcc and GND pin must be 
connected to the appropriate voltage or ground and 
externally strapped close to the package. We rec- 
ommend that you include separate power and 
ground planes in your circuit board for power distri- 
bution. 


NOTE: 
Pins identified as N.C., "No Connect," should never 
be connected. The S0960SA and S0960SB QFP 
package contains two N.C. pins and PLCC package 
contains six N.C. pins. 


Package 
Thermal 
Specification 


The S0960SA and S0960SB is specified for opera- 
tion when case temperature is within the range O·C 
to + S5·C. The case temperature should be mea- 
sured at the top center of the package. 


The ambient temperture can be calculated from 6JC 
and 6JA by using the following equations: 


TA = Tc + P' 
6JC 
TA = TJ + P • 6JA 
Tc = TA'+ 
P' 
[6JA-6Jcl 


- 


Values for 6JA and 6JCare given in Table 7 for t e 
QFP package and in Table S for the PLCC package 
for various airflows. 


WAVEFORMS 


Figure 19 through 22 shows the waveforms for vari- 
ous signals on the S0960SA and S0960SB's bus. 
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Table 7. QFP Package, Thermal Reslstance-°C/Watt 


Alrflow-ft/mln 
(m/sec) 


Parameter 
0 
50 
100 
200 
400 
600 
800 


9JA Junction to Ambient 
(Case measured in the middle 
52.0 
na 
na 
46.0 
35.0 
na 
na 
of the top of the package) 
(No Heatsink) 


9JC Junction to Case 
4.0 
na 
na 
4.5 
5.5 
na 
na 


NOTES: 
1. This table applies 
to an 80960SA 
and 80960S8 
QFP soldered 
directly 
onto a board. 


2. IJJA = IJJC + IJCA· 


Table 8. PLCC Package, Thermal Reslslance-°C/Watt 


Alrflow-ft/mln 
(m/sec) 


Parameter 
0 
50 
100 
200 
400 
600 
800 


9JA Junction to Ambient 
33 
na 
na 
na 
na 
na 
na 
(No Heatsink) 


9JC Junction to Case 
11 
na 
na 
na 
na 
na 
na 


NOTES: 
1. This table applies 
to an 80960SA 
and 80960S8 
PLCC soldered 
directly 
onto a board. 
2. IJJA = IJJC + IJCA· 


80 
55 


25 
40 
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Figure 17.80-Lead EIAJ Quad Flat Pack Package 
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Intel 


i960SA 


33 
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Figure 18. 84-Lead Plastic Leaded Chip Carrier 
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Table 9. 80960SA 
and 80960S8 
QFP Pinout-In 
Pin Order 


Pin 
Signal 
21 
Vcc 
22 
Vss 
23 
Vcc 
24 
Vss 
25 
AD6 
26 
AD5 
27 
AD4 


28 
AD3 


29 
AD2 
30 
AD1 
31 
ADO 
32 
Vss 
33 
Vcc 
34 
A3 
35 
A2 
36 
Vcc 
37 
Vss 
28 
A1 
39 
N.C. 
40 
BE1 


Pin 
Signal 
41 
BEO 
42 
Vcc 
43 
Vss 
44 
CLK2 
45 
RESET 


46 
INTO 
47 
INT1 
48 
INT2/INTR 


49 
INT3/INTA 


50 
HLDA 
51 
Vcc 
52 
Vss 
53 
HOLD 
54 
W/R 


55 
DEN 
56 
DT/R 


57 
BLAST 
58 
LOCK 
59 
Vcc 
60 
Vss 


Pin 
Signal 


61 
Vcc 
62 
Vss 
63 
N.C. 


64 
AS 


65 
Vss 
66 
ALE 
67 
READY 


68 
A3t 
69 
A30 
70 
A29 
71 
A28 
72 
Vss 
73 
Vcc 
74 
A27 
75 
A26 
76 
A25 
77 
Vcc 
78 
Vss 
79 
A24 
80 
A23 


Pin 
Signal 
1 
A22 


2 
A21 
3 
A20 
4 
A19 


5 
A18 


6 
A17 
7 
A16 


8 
Vcc 
9 
Vss 
10 
AD15 
11 
AD14 
12 
Vcc 
13 
Vss 
14 
AD13 
15 
AD12 
16 
AD11 
17 
AD10 
18 
AD9 
19 
AD8 
20 
AD7 


Table 10. 80960SA 
and 80960S8 
QFP Pinout-In 
Signal Order 


Signal 
Pin 
A1 
38 
A2 
35 
A3 
34 
AD1 
30 
AD2 
29 
AD3 
28 
AD4 
27 
AD5 
26 
AD6 
25 
AD7 
20 
AD8 
19 
AD9 
18 
AD10 
17 
AD11 
16 
AD12 
15 
AD13 
14 
AD14 
11 
AD15 
10 
A16 
7 
A17 
6 


Signal 
Pin 
A18 
5 
A19 
4 
A20 
3 
A21 
2 
A22 
1 
A23 
80 
A24 
79 
A25 
76 
A26 
75 
A27 
74 
A28 
71 
A29 
70 
A30 
69 
A31 
68 
ALE 
66 
AS 
64 
BEO 
41 


BE1 
40 
BLAST 
57 
CLK2 
44 


Signal 
Pin 
DO 
31 
DEN 
55 
DT/R 
56 
HLDA 
50 
HOLD 
53 
INTO 
46 
INT1 
47 
INT2/INTR 
48 
INT3/1NTA 
49 
LOCK 
58 
N.C. 
39 
N.C. 
63 
READY 
67 
RESET 
45 
Vcc 
12 
Vcc 
21 
Vcc 
23 
Vcc 
33 
Vcc 
36 
Vcc 
42 


Signal 
Pin 
Vcc 
51 
Vcc 
59 
Vcc 
61 
Vcc 
73 
Vcc 
77 
Vcc 
8 
Vss 
13 
Vss 
22 
Vss 
24 
Vss 
32 
Vss 
37 
Vss 
43 
Vss 
52 
Vss 
60 
Vss 
62 
Vss 
72 
Vss 
78 
Vss 
9 
Vss 
65 
W/R 
54 
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Table 11. 80960SA 
and 80960S8 
PLCC Plnout-In 
Pin Order 


Pin 
Signal 


1 
Vcc 


2 
N.C. 


3 
A27 


4 
A26 


5 
A25 


6 
Vcc 


7 
Vss 


8 
A24 


9 
A23 


10 
A22 


11 
A21 


12 
A20 


13 
A19 


14 
A18 


15 
A17 


16 
A16 


17 
Vcc 


18 
Vss 


19 
AD15 


20 
AD14 


21 
Vcc 


Pin 
Signal 


22 
Vss 


23 
N.C. 


24 
AD13 


25 
AD12 


26 
AD11 


27 
AD10 


28 
AD9 


29 
AD8 


30 
AD7 


31 
Vcc 


32 
Vss 


33 
Vcc 


34 
Vss 


35 
AD6 


36 
AD5 


37 
AD4 


38 
AD3 


39 
AD2 


40 
AD1 


41 
DO 


-42 
N.C. 


Pin 
Signal 


43 
Vss 


44 
Vcc 


45 
A3 


46 
A2 


47 
Vcc 


48 
Vss 


49 
A1 


50 
N.C. 


51 
BE1 


52 
BEO 


53 
Vcc 


54 
Vss 


55 
CLK2 


56 
RESET 


57 
INTO 


58 
INT1 


59 
INT2/INTR 


60 
INT3/INTA 


61 
HLDA 


62 
Vcc 


63 
Vss 
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Pin 
Signal 


64 
HOLD 


65 
N.C. 


66 
W/R 


67 
DEN 


68 
DT/R 


69 
BLAST 


70 
LOCK 


71 
Vcc 


72 
Vss 


73 
Vcc 


74 
Vss 


75 
N.C. 


76 
AS 


77 
Vss 


78 
ALE 


79 
READY 


80 
A31 


81 
A30 


82 
A29 


83 
A28 


84 
Vss 
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Table 12.80960SA and 80960S8 PLCC Plnout-InSignalOrder 


Signal 
Pin 


A1 
49 


A2 
46 


A3 
45 


DO 
41 


AD1 
40 


AD2 
39 


AD3 
38 


AD4 
37 


AD5 
36 


AD6 
35 


AD7 
30 


AD8 
29 


AD9 
28 


AD10 
27 


AD11 
26 


AD12 
25 


AD13 
24 


AD14 
20 


AD15 
19 


AD16 
16 


A17 
15 


Signal 
Pin 


A18 
14 


A19 
13 


A20 
12 


A21 
11 


A22 
10 


A23 
9 


A24 
8 


A25 
5 


A26 
4 


A27 
3 


A28 
83 


A29 
82 


A30 
81 
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Figure 19. Basic 80960SA 
and 80960SB 
Timing 
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Figure 20. 80960SA 
and 80960SB 
Timing In Burst Mode. 
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A Four Word Read Burst Is Shown. 
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Figure 21. 80960SA 
and 80960S8 
Read Timing with Wait States 
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Figure 22. 80960SA 
and 80960S8 
Write Timing with Wait States 
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85C960 
1-MICRON CHMOS 
80960 K-SERIES BUS CONTROL fJ-P~D 


• 
Burst Logic, Ready Control, and 
Address Decode Support for 80960 
KA/KB Embedded Controllers 
In Single 
Chip 


• 
Burst Logic Supports Both Standard 
and New Generation "Burst Mode" 
Memories and Peripherals 


• 
Ready/Timing 
Control Supports 0-15 
Wait States across 8 Address Ranges, 
Read/Write 
Accesses, Burst 
Transactions 


• 
8 Dedicated Inputs Decoded Into 8 
Latched Chip Selects (4 External/ 
Internal; 4 Internal Only) 


'CHMOS 
is a patented 
technology 
of Intel Corporation. 


• 
Operates with 80960KA/KB at 20 MHz. 
and 25 MHz 
. 


• 
Icc = 50 mA Max. 


• 
UV Erasable (CerDIP) or OTPru 


• 
100% Generically Testable Logic Array 


• 
Based on Low Power CHMOS IIIE* 
Technology 


• 
Available In 28-Pln 300-mU CerDIP and 
PDIP Packages and In 28-Pln PLCC 
Package 
(See Packaging 
Spec., Order Number 
#231369) 
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GENERAL 
DESCRIPTION 


The Intel 85C960 is a single-chip burst/ready/de- 
code /-LPLO(Microcomputer Programmable Logic 
Device) designed to interface 80960 KAlKB embed- 
ded controllers to system memory and I/O. The 
85C960 provides programmable chip selects, a pro- 
grammable read/write access wait state/ready gen- 
erator, and burst address (A2, A3) cycling. Burst 
transaction cycling of A2, A3, and WCLK# (Write 
Clock) is also supported for intelligent peripherals on 
the bus. 


For its programmable functions, the 85C960 uses 
advanced EPROM cells as logic array and wait-state 
table memory elements. Coupled with Intel's propri- 
etary CHMOS IIIE technology, the result is a pro- 


85C960 


grammable device able to support Intel's 32-bit 
80960 KAlKB embedded controllers at speeds up to 
25 MHz. 


ARCHITECTURE 
DESCRIPTION 


The 85C960 /-LPLOintegrates burst control, ready 
generation, and chip select decoding into a single 
device. Figure 2 shows the architecture of the 
85C960. Table 1 lists and describes each signal on 
the device. The 85C960 replaces 6-10 
separate 


PLO/discrete logic devices in small- and medium- 
sized 80960 systems. For medium- to large-sized 
systems, the 85C960 can be supplemented with an 
additional decoder, such as the 85C508, and a sec- 
ond 85C960. Figure 3 shows a single 85C960 in a 
typical application. 
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Table 1. 85C960 Pin Descriptions 


Symbol 
Type 
Name and Function 


RESET 
I 
RESET. When RESET is high for a minimum of four CLK2 cycles, internal 
circuits are reset to a known state. 


17-10 
I 
INPUT 7-INPUT 
O.These are the address range inputs to the 
programmable 
decode 
logic array. 


CLK2 
I 
SYSTEM CLOCK. This input, which connects 
to the 80960 CLK2 signal, 
provides the timing reference 
for all 85C960 operations. 


AD3-ADO 
I 
ADDRESS 
IN 3-ADDRESS 
IN O. These inputs are driven by LADO-LAD3 
from the Local Bus (L-Bus) to provide addressing 
and burst access decode 
information. 


W/R4I 
I 
WRITE/READ. 
Write/Read 
from controller. 
When low, indicates 
that the 
current access is a read. When high, indicates 
that the current access is a 
write. 


DEN4I 


, 


I 
DATA ENABLE. This input from the controller 
indicates 
that data is present 
on the L-Bus. 


ADS # 
I 
ADDRESS/DATA 
STROBE. 
This input from the 80960 indicates 
whether 
address or data information 
is currently 
on the L-Bus. When low, address 
information 
is changing. 
The 85C960 chip select timing is based in part on 
ADS4I low during Ta states. 


BLAST # 
0 
BURST LAST. This signal, when low, indicates 
that the current read/write 
access is the last access in a burst transaction. 
BLAST # is not cycled if 
RDY # is generated 
off-chip. 


WCLK4I 
0 
WRITE CLOCK. This output provides a write enable strobe to memories 
that 
do not support burst mode access. 


A3,A2 
0 
ADDRESS 
OUT 3, 2. These outputs cycle during burst transactions. 
Typically 
connected 
to lowest memory address signals. 


CS341-CS041 
0 
CHIP SELECT 3-CHIP 
SELECT O.Single p-term select outputs that are 
driven active (Iow) for the programmed 
address condition 
on 17-10. 


RDY4I 
I/O 
READY. RDY # is an active low, bidirectional, 
open-drain 
signal that should 
be connected 
to the controller's 
Ready input. As an output, RDY # goes high 
to cause the controller 
to extend the current access. RDY # goes low to 
indicate that the data on the L-Bus bus may be sampled 
(read) or removed 
(write). RDY # is controlled 
by the 85C960 Ready Generation 
and Wait-State 
Logic. The open-drain 
output allows RDY # to be OR-tied to other circuitry 
that may drive the controller's 
Ready input. As a bidirectional 
input, RDY # 
allows the 85C960 to provide 
Ready timing and burst cycling for intelligent 
peripherals 
that do not generate 
these signals themselves. 
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80960 L-Bus (Local Bus) cycles are monitored by 
the Bus State Tracker to synchronize the functional 
blocks in the 85C960 to the L-Bus. CLK2 provides 
the timing reference for all 85C960 operations. 


Four external chip selects (CSO# -CS3 #) are gen- 
erated by the programmable Chip Select 
Decoder. 
These four signals provide decoded selects to mem- 
ory and 1/0 devices and are routed to the program- 
mable Wait-State 
Table 
so that the 85C960 can 
generate RDY# at the appropriate time. Four addi- 
tional selects are decoded (internal only) and routed 
to the Wait-State Table so that the 85C960 can gen- 
erate 
RDY# 
for 
up to four additional address 
ranges. 


The Ready 
Generation 
block generates RDY# to 
the controller under control of the Wait-State 
Table. 
Depending on the contents programmed into this ta- 
ble and the current type of access, from 0-15 wait 
states can be introduced into each bus cycle. An 
independent wait state value can be chosen for 
each select and each access type. Four access 
types.are possible: read first, read subsequent, write 
first, and write subsequent. 


The Burst 
Control 
and Address 
Counter 
blocks 
control burst transaction timing to memory and 1/0. 
Note that the RDY# pin is sampled by the Burst 
Control block to allow the 85C960 to generate burst 
transaction timing for other bus peripherals. WCLK# 
provides a write enable strobe for memory and 1/0 
that do not support burst mode. BLAST# informs 
burst-mode devices that the current access is the 
last one in a burst transaction. A2 and A3 are cycled 
to select the address location for each access. 


FUNCTIONAL 
DESCRIPTION 


The following paragraphs provide a detailed descrip- 
tion of each functional block in the 85C960 ,","PLD. 


Chip Select Decoder 


The Chip Select Decoder, shown in Figure 4, is a 
high speed, single p-term (product-term) latched de- 
coder circuit with eight inputs (10-17) and eight 
latched outputs. Each output goes low when its as-. 
sociated product term is true. Four of these outputs 
(CSO#-CS3#) 
are available externally to be used 
as 
device selects. The remaining four 
outputs 
(CS4#-CS7#) 
are available internally so that the 
85C960 can provide ready and burst timing for four 
more device selects. (The actual selects for these 
four additional devices/resources must be generat- 
ed by external logic.) 


The input to each latch is a single NAND p-term that 
can be connected to the dedicated inputs. The true 


and complements of all inputs (17-10)are avanable ' 
to all eight NAND p-terms. 


Each intersecting point in the logic array is connect- 
ed or not connected based on the value pro- 
grammed in the EPROM array. Initially (EPROM 
erased state), no connections exist between any 
p-term and any input. Connections can be made by 
programming the appropriate EPROM cells. Since 
p-terms are implemented as NANDs, a true condi- 
tion on a p-term drives the output low. Current con- 
sumption is higher when both true and complement 
p-terms for the same input are programmed. 


Selects are latched on the falling edge of an internal 
Latch Enable (LE), which is generated from ADS# , 
DEN#, and CLK2. The proper combination of these 
signals occurs during an 80960 address state (Ta). 
Figure 5 shows the relationship of the internal LE 
and external chip selects to the three signals at the 
end of a Ta state. All selects are cleared to an inac- 
tive high state at the start of a recovery state. (Tr). 
All eight selects (four external and four internal) are 
routed to the Wait-State Table. 


Wait State Table 


Chip selects, WR (Write/Read), and SW (Subse- 
quent Word) feed the Wait-State Table. Each chip 
select points to a set of four wait state values while 
WR and SW determine which of the four values to 
route to the Ready Generation block (see Figure 6). 
The four values are grouped into read and write 
groups with each group having a value for the first 
access and subsequent access (second through 
fourth). The four-bit wait-state value is sent to the 
Ready Generation block (via WSO#-WS3#) 
to be 


used as an initial count value. If two selects are ac- 
tive, the resulting count value is the logical bit AND 
of the two individual values. If more than two selects 
are active and the individual count values are not the 
same, the resulting count value is indeterminate. If 
no select is active, no count value is loaded (and the 
Ready Generation circuit is disabled). 


Ready Generation 


RDY# is high at the start of each burst transaction. 
The RDY Generator begins to count down from the 
wait state value, decrementing the counter at the 
start of each wait state. When the internal counter 
reaches 0000, RDY# is pulled low (CLK2c during 
the data state). On the next CLK2c edge (for a wait 
state), RDY# is released, allowing an external resis- 
tor to pull RDY# high. Figure 7 shows the timing for 
a four-word burst write transaction with 1 wait state 
for the first access and 0 wait states for ·the remain- 
ing three accesses (Burst Write 1-0-0-0). 
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RDY# is an open-drain 1/0 pin, which must be con- 
nected to pullup and pulldown resistors as shown in 
Figure 8. During a wait-state access, RDY# is pulled 
high to cause the controller to extend the current 
access so that the memory or peripheral chip has 
time to present data to the bus (read), or sample 
data on the bus (write). RDY# is released on the 


CLK2a edge of a Tr state. If a Read or Write access 
occurs without a chip select having been decoded 
on-chip, the RDY# output buffer is disabled and 
RDY# 
is sampled as an input. This allows the 
85C960 to cycle A2, A3, and WCLK# to provide 
burst transaction timing for other bus controllers. 
RDY# may be OR-tied with other bus controllers so 
they can access the processor Ready signal. 


• •• 


ADS, o---------~ 
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DEN, 0----------1 


11 


12 
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CLK20----I 
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CSl., 
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Figure 4. 85C960 Chip Select Decoder 
Block 
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CHIP SELECT ACTIVE I-------J~ 
(BASED ON 10-17) 
~~ 
__ 
~~~ 


Latch opens when CLK2 and DEN# go high and ADS# goes low. 
Latch closes when DEN# goes low or ADS# or CLK2 go high. 
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Figure 5. Internal 
LE and External 
Chip Select Timing 


Burst Transactions 


AD3, AD2 are latched to indicate the starting ad- 
dress of a burst transaction. The 85C960 places 
these two signals out on A3 and A2, respectively, 
then cycles the two addresses upward until the last 
access of the burst. The 85C960 assumes that the 
processor handles splitting of the burst transaction 
when a 16-byte boundary is crossed. 


ADOand AD1 specify the size of the burst transfer in 
double-words as shown in Table 2. 


Table 2. ADO-AD1 
vs Burst Size 


AD1 
ADO 
No. of 
Words Transferred 


0 
0 
1 
0 
1 
2 
1 
0 
3 
1 
1 
4 


WCLK #, BLAST # Generation 


WCLK# is the write enable signal for writing to non- 
burst mode memories. When low, address outputs 
A2 and A3 are valid. Its trailing edge 110w-to-high 
transition) can be used to latch data into non-burst 
mode memories. WCLK# is only provided during 
writes; during reads, WCLK# remains high. 


BLAST# indicates that the current access is the last 
access in a burst transaction. BLAST# is used by 
burst-mode memories to 
reset internal address 


counters. BLAST# is not cycled when RDY# is gen- 
erated off-chip. 


POWER-ON 
CHARACTERISTICS 


85C960 inputs and outputs begin responding 1 /Ls 
(max.) after vcc power-up (Vcc = 4.75V) or after a 
power-Ioss/power-up sequence. RESET must be 
synchronous to CLK2 and must be held high for a 
minimum of 4 clock cycles after vcc reaches 4.75 V. 
After 4 clock cycles, A2 and A3 are high, CSO# •. 
CS3# (and CS4#-CS7#), 
BLAST# , WCLK# are 


high, and the open drain RDY# signal is inactive. 
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LATCH-UP 
IMMUNITY 
Select 
Write/Read 


CSOf# 
WR = 0 
WR = 1 
(Read) 
(Write) 


SW=O 
msb Isb 
msb Isb 
(First Word) 
0000 
0000 


SW=1 
msb Isb 
msb Isb 
(Subsequent Word) 
0011 
0010 
msb = mostsignificantbit 
Isb 
= leastsignificantbit 


Figure 6. Example Wait-State Entries for CSOf# 


ERASURE 
CHARACTERISTICS 


Erasure time for the 85C960 is 20 minutes at 
12,000 /J-Wsec/cm2with a 2537A UV lamp. 


Erasure characteristics of the device are such that 
erasure begins to occur upon exposure to light with 
wavelengths shorter than approximately 4000A. It 
should be noted that sunlight and certain types of 
fluorescent lamps have wavelengths in the 3000A- 
4000A range. Data shows that constant exposure to 
room level fluorescent lighting could erase the typi- 
cal 85C960 in approximately two years, while it 
would take approximately two weeks to erase the 
device when exposed to direct sunlight. If the device 
is to be exposed to these lighting conditions for ex- 
tended periods of time, conductive opaque labels 
should be placed over the device window to prevent 
unintentional erasure. 


The 
recommended 
erasure 
procedure 
for 
the 
85C960 is exposure to shortwave ultraviolet light 
with a wavelength of 2537A. The integrated dose 
(Le., UV intensity x 
exposure time) for erasure 
should be a minimum of fifteen (15) Wsec/cm2. The 
erasure time with this dosage is approximately 20 
minutes using an ultraviolet lamp with a 12,000 /J-W/ 
cm2 power rating. The device should be placed with- 
in 1 inch of the lamp tubes during exposure. The 
maximum integrated dose the 85C960 can be ex- 
posed to without damage is 7258 Wsec/cm2 (1 
week at 12,000 /J-W/cm2).Exposure to high intensity 
UV light for longer periods may cause permanent 
damage to the device. 


All of the input, output, and clock pins of the device 
have been designed to resist latch-up which is inher- 
ent in inferior CMOS processes. The 85C960 is de- 
signed with Intel's proprietary 1-micron CHMOS 
EPROM process. Thus, each of the pins will not ex- 
perience latch-up with currents up to ± 100 mA and 
voltages ranging from -0.5V to (Vec + 0.5V). The 
programming pin is designed to resist latch-up to the 
13.5V max. device limit. 


DESIGN 
RECOMMENDATIONS 


For proper operation, it is recommended that all in- 
put and output pins be constrained to the voltage 
range GND s (VIN or VOUT) ~ vcc. All unused in- 
puts should be tied high or low to minimize power 
consumption (do not leave them floating). Unused 
outputs may be left floating. A high-speed ceramic 
decoupling capacitor of at least 0.2 /J-Fmust be con- 
nected directly between the vcc and GND pin. 


As with all CMOS devices, ESD handling procedures 
should be used with the 85C960 to prevent damage 
to the device during programming, assembly, and 
test. 


FUNCTIONAL 
TESTING 


Since the programmable sections of the 85C960 are 
controlled by EPROM elements, the device is com- 
pletely testable during the manufacturing process. 
Each programmable EPROM bit controlling the in- 
ternal logic is tested using application independent 
test patterns. EPROM cells in the device are 100% 
tested for programming and erasure. After testing, 
the devices are erased before shipments to the cus- 
tomers. No post-programming tests of the EPROM 
array are required. 


The testability and reliability of EPROM-based pro- 
grammable logic devices is an important feature 
over similar devices based on fuse technology. 
Fuse-based programmable logic devices require a 
user to perform post-programming tests to insure 
device functionality. During the manufacturing pro- 
cess, tests on fuse-based parts can only be per- 
formed in very restricted ways in order to avoid pre- 
programming the array. 
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Figure 7. Burst Write Transaction (1-0-0-0) 
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Figure 8. RDY # Pullup/Pulldown 
Resistors 


IN-CIRCUIT 
RECONFIGURATION 


The 85C960 allows in-circuit configuration changes 
after the device has powered up. At power-up, the 
device is configured according to the information 
programmed into the EPROM cells. After power-up, 
new information can be shifted in on select pins to 
alter device configuration. The new configuration is 
retained until the device is powered down or until the 
information is overwritten by another configuration 
change. 


ORDERING 
INFORMATION 


oouware 
::;UfJfJUIl 
I::; fJfUVIUljU 
uy Vljf::;IUII a. 1 IUf ICllljf I 
of iPLS 11 (Intel Programmable Logic Software 11). 
Programming is supported on the iUP-PC PC-based 
programmer or iUP-200Al201A Universal Program- 
mer via the GUPI base module and the GUPI 
85EPLD28 programming adaptor. 


For detailed information on iPLS 
11, refer to, the 
iPLDS 11 Data Sheet, order number: 290134. The 
tools section of the Programmable 
Logic handbook 
contains a complete listing of all design tools for In- 
tel EPLDs. 


80960KA/KB 
p.PLD Order Code 
Package 
Operating 
Range 
Clock Frequency 


*D85C960-20 
CERDIP 
Commercial 
20MHz 
N85C960-20 
PLCC 


*D85C960-25 
CERDIP 
Commercial 
25 MHz 
N85C960-25 
PLCC 


'Only 
windowed 
CERDIP 
allows 
UV-erase. 
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ABSOLUTE 
MAXIMUM 
RATINGS· 
NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 


Supply Voltage 
(Vec)(1) 
-2.0V 
to + 7.0V 


Programming 
Supply 
Voltage 
(Vpp)(1) 
- 2.0V to + 13.SV 


D.C. Input Voltage 
(VI)(1, 2) 
-O.SV 
to vcc + O.SV 


Storage Temperature 
(Tstg) 
- 6S·C to + 1S0·C 


Ambient 
Temperature 
(TA)(3) 
-1 O·C to + 8S·C 


NOTES: 
1. Voltages with respect to GND. 
2. Minimum D.e. input is -O.SV. During transitions, the in- 
puts may undershoot to - 2.0V or overshoot to +7.0V for 
periods of less than 20 ns under no load conditions. 
3. Under bias. Extended Temperature versions are also 
available. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings only.' Operation 
beyond 
the 


"Operating 
Conditions" 
is not recommended 
and ex- 


tended exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


RECOMMENDED 
OPERATING 
CONDITIONS 


Symbol 
Parameter 
Mln 
Max 
Units 


Vee 
Supply Voltage 
4.7S 
S.2S 
V 


VIN 
Input Voltage 
0 
Vee 
V 


Vo 
Output Voltage 
0 
Vee 
V 


TA 
Operating 
Temperature 
0 
+70 
·C 
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85C960 


D.C. CHARACTERISTICS 
(TA = o-ce +70·C, 
vcc = 5.0V ± 5%) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Unit 
Test Conditions 


VIH1(4) 
High Level Input Voltage 
2.0 
vcc + 0.3 
V 
(All Inputs except for 
ADS#, 
ADO-AD3, 
DEN#, 


andW/R#) 
- ~. 
- 
r 


VIH2(4) 
High Level Input Voltage 
2.2 
V 


•.. 


for ADS #, ADO-AD3, 
DEN#,andW/R# 
- 


VIL(4) 
Low Level Input Voltage 
-0.3 
0.8 
V 


VOH 
High Level Output Voltage 
2.4 
V 
IOH = -4.0 
mA D.C., 
vcc = Min. 


VOL1 
Low Level Output Voltage 
0.4 
V 
IOL = 4.0 mA D.C., vcc = Min., 
CL = 30 pF 


VOL2 
Low Level Output Voltage 
0.45 
V 
IOL = 24 mA D.C., vcc = Min., 


for A2, A3 
CL = 60 pF 


VOL3 
Low Level Output Voltage 
0.5 
V 
IOL = 30 mA D.C., vcc = Min., 


for Open Drain (RDY#) 
CL = 30 pF 


II 
Input Leakage Current 
±10 
/J-A 
vcc = Max., 
GND ::;;VIN ~ vcc 


loz 
Output Leakage Current 
±10 
/J-A 
vcc = Max., 
GND ::;;VOUT ::;;vcc 


lse(:;) 
Output Short Circuit Current 
-30 
-90 
mA 
vcc = Max., VOUT = 0.5V 


Ice 
Power Supply Current 
10 
50 
mA 
vcc = Max., VIN = vcc or GND, 
No Load, CLK2 = 50 MHz 


NOTES: 
4. Absolute 
values 
with respect 
to device 
GND; all over and undershoots 
due to system 
or tester 
noise are included. 


5. Not more than 1 output 
should 
be tested 
at a time. Duration 
of that test should 
not exceed 
1 second. 


A.C. TESTING 
LOAD CIRCUIT 
(RDY#) 
A.C. TESTING 
LOAD CIRCUIT 
(ALL OUTPUTS 
EXCEPT 
RDY #) 


290192-9 


vcc 
D2 
ou~~ 
0-..•..-+11--..•.--1*"--0 vcc 


290192-10 


See D.C. Characteristics 
Table 
for Current 
and Capaci- 
tance 
Specifications. 


01 and 02 are matched 
03 and 04 are matched 


See D.C. Characteristics 
Table 
for Current 
and Capaci- 
tance 
Specifications. 
01 and 02 are matched. 
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infef 
85C960 


A.C. TESTING 
WAVEFORM-5YNCHRONOUS 
INPUTS 
AND OUTPUTS 


290192-10 
A.C. Testing: 
Inputs are driven 
at 2.4V for a Logic "I" and O.4V for a Logic 
"0". 
CLK2 
is driven 
at 3.0V for a Logic "I" 


and 
0.45V 
for a Logic 
"0". 
Timing 
Measurements 
made 
relative 
to CLK2 
are made 
from 
1.5V on CLK2. 
Inputs 
and 


outputs 
are measured 
at 2.0V for a high and O.BV for a low. Device 
input rise and fall times 
are less than 3 ns. 


3.0 


CLK2 


0.45 


2.4 


INPUT (SETUP 
AND HOLD) 
0.4 


OUTPUTS 


2.0> 
<2.0 
TEST 
OINTS 
O~ 
O~ 
...... 
--------- ~:>"""'"" 


A.C. TESTING 
WAVEFORM-ASYNCHRONOUS 
INPUTS 
AND OUTPUTS 


INPUTS 


OUTPUTS 


2.4 


2.0>. 
TEST POINTS 
0.8 
0.4 


2.0> 
TEST POINTS 
0.8 


290192-11 
A.C. Testing: 
Inputs 
are driven 
at 2.4V for a Logic "I" and 0.4V for a Logic 
"0". 
Input timing 
is measured 
at 1.5V for 
high-to-Iow 
and low-te-high 
transitions. 
Outputs 
are measured 
at 2.0V for a high and O.BV for-a low. Device 
input rise and 
fall times 
are less than 3 ns. 
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85C960 


A.C. CHARACTERISTICS 
(TA = o-c e +70·C. 
vcc = 5.0V ±5%) 


85C960-25 
85C960-20 
Symbol 
Parameter 
Units 


Mln 
Max 
Mln 
Max 


t1(6) 
Input Setup to CLK2a 
12 
15 
ns 


t2(6) 
Input Hold from CLK2a 


- 
-- 


2 
2 
ns 


t3 
CLK2a to A2. A3 Valid Delay 
0 
8 
0 
10 
ns 


f4 
CLK2c to RDY /I Output Low Delay 
, 
10 
15 
ns 


t5(7) 
CLK2c to RDY /I Output High Delay 
10 
15 
ns 


16 
CLK2a to CSO/l -CS3# 
High Delay 
5 
40 
5 
50 
ns 


t7 
CLK2a to BLAST /I Low Delay 
20 
20 
ns 


la 
CLK2a to BLAST /I High Delay 
5 
5 
ns 


t9(6) 
CLK2b to WCLK /I Low Delay 
0 
10 
0 
12 
ns 


t10(6) 
CLK2d to WCLK /I High Delay 
0 
10 
0 
12 
ns 


t11(9) 
ADS /I Low to CSO/I -CS3 /I Low Delay 
10 
12 
ns 


t12(9) 
CLK2c to CSO/I -CS3 /I Low Delay 
12 
15 
ns 


t13(10) 
10-17 Setup to CLK2a 
- 
5 
7 
ns 


t14(10) 
10-17 Hold from CLK2a 
2 
2 
ns 


t15(11) 
10-17 Valid to CSO/l-CS3/1Valid 
Delay-(tPD) 
10 
12 
ns 


t16 
RDY /I Input Setup to CLK2d (Write) 
7.5 
10 
ns 


t17 
RDY /I Input Setup to CLK2a (Read) 
9 
9 
ns 


t18 
RDY /I Input Hold after CLK2a (Read/Write) 
5 
10 
ns 


t19(12) 
RESET High Setup to CLK2 t 
0 
0 
ns 


t20(13) 
RESET High Hold from CLK2 t 
3 
3 
ns 


t21(12) 
RESET Low Setup to CLK2a 
5 
5 
ns 


NOTES: 
6. Applies to ADS"'. DEN"'. W/R"'. 
and ADO-AD3. DEN'" is high during the entire Ta state in 80960 KAlKB systems. 
7. RDY", 
is an open-drain output. Specified time includes RDY'" 
output float delay and pull-up/pull-down 
resistors 
(Figure 8). RDY", remains low for a minimum of 10 ns at the start of a Tr state and goes high by CLK2a of the next Tx state. 
8. Minimum WCLK'" pulse width is one clock period minus 3 ns. For example. at 25 MHz: 20 ns - 
3 ns = a 17 ns minimum 
WCLK# pulse. 
9. Chip Select Decoder latches are transparent flow-through types. Latches open when ADS'" is low. DEN'" is high. and 
CLK2 goes high during the middle of a Tx state (CLK2c). Since DEN# is high during the entire Ta state in 80960 KA/KB 
systems. only CLK2c and ADS'" are specified. 
10. Chip Select Decoder latches are transparent flow-through types. Latches close when ADS'" is high or DEN'" is low. or 
when CLK2 goes high at the start of a Tx state (CLK2a) after the latches have opened. Since ADS'" is low and DEN'" is 
high at the end of a Ta in 80960 KA/KB systems. setup and hold times are specified with reference to CLK2a only. 
11. Propagation delay while latches are open (transparent); one output switching (high-to-Iow). 
12. RESET must be held high for a minimum of 4 CLK2 cycles (80960 specifies 41 CLK2 cycles minimum). 
13. RESET must hold after the low-to-high transition immediately prior to CLK2a. CLK2a is defined as the first low-to-high 
transition after RESET goes low. 
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85C960 


CLK2 
EDGES 


CLK2 


290192-12 


NOTE: 
Minimum CLK2 high and low times are 8 ns measured from 1.5V to 1.5V. 


CAPACITANCE 
(TA = o-c e +70·C;VCC 
= 5.0V ± 5%) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Unit 
Conditions 


CIN 
Input Capacitance 
6 
10 
pF 
VIN = OV, f = 1.0 MHz 


COUT 
Output Capacitance 
6 
10 
pF 
VOUT = OV, f = 1.0 MHz 


CCLK 
CLK2 Capacitance 
6 
10 
pF 
VIN = OV, f = 1.0 MHz 


Cvpp 
Vpp Pin Capacitance 
10 
25 
pF 
Vpp on Pin 1 (RESET) 


CRDY 
RDY # Capacitance 
6 
10 
pF 
VOUT = OV, f = 1.0 MHZ 
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ClK2 


ADS 


O£N 


ADO-AD3 


~ 
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(1) 


W/fi. 


CSo-CS3 


A2.A3 


WClK 


RDY 


BLAST 


4 Word Burst Write with 1 Wait State on Each Access 
RDY # Is Generated 
by the 85C960 
(Same Timing for Read Cycle, Except WCLK # Remains High) 
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cl 


Q) 
U1o 
ID 
Q) 
C) 


intJ 
85C960 


WCLK# TIMING 


I 
a 


Tx 


CLK2 
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10-17 AND CSO#-CS3# 
TIMING 


Ta 
Tw/Td 


CLK2 


ADS 


ADO-AD3 


290192-15 


NOTE: 
CLK2, 
ADS 11, and DEN 11 generate 
internal 
latch enable. 
See Figure 7 for details. 
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W/R 


A2.A3 
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RESET 
INPUT 
TIMING 


a 
d 
eee 
CLK2 


I,-+----------eee------------,I 
RESET ----'1 


1--__ 
4 CLK2CYCLES 
(MINIMUM) 
290192-17 
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27960CX 
PIPELlNED BURST ACCESS 1M (128K x 8) CHMOS EPROM 


• 
Synchronous 
4 Byte Data Burst Access 


• 
No Glue Interface 
to 80960CA 


• 
High Performance 
Clock to Data Out 
- 
Zero Wait State Data to Data Burst 
- 
Up to 33 MHz 80960CA 
Performance 


• 
Asynch 
Microcontroller 
Reset Function 
- 
Returns 
to Known State with High~Z 
Outputs 


• 
Pipelined 
Addressing 
for Optimal 
Bus 
Bandwidth 
on 80960CA 
- 
Next Addressing 
Overlaps 
Last Data 


Byte 


• 
CHMOS 
III·E for High Performance 
and 


Low Power 
- 
125 mA Active, 
30 mA Stand by 
- 
TTL Compatible 
Inputs 


• 
1 Mbit Density 
Configures 
as 128K x 8 


- 
Upgrade 
Path to 512K x 8 


Intel's 
27960CX 
IS a 5V only, 1,048,576 
bit, Erasable 
Programmable 
Read Only Memory, 
organized 
as 128K 
words of 8 bits. It is a member 
of a new family of high performance 
EPROMs 
with synchronous 
burst access. 


The 27960CX 
provides 
a no glue synchronous 
burst interface 
to the 80960CA 
bus. Internally 
the 27960CX 
is 
organized 
in 4 byte blocks, 
in which each byte is accessed 
sequentially. 
The internal 
state machine 
is factory 
configured 
to generate 
either 
1 or 2 wait-states 
between 
the address 
and first data byte. High performance 
outputs 
provide 
zero wait-state 
data to data accesses 
at clock frequencies 
up to 33 MHz. 


Pipelining 
capability 
allows addresses 
to overlap 
previous 
data, further 
optimizing 
bus bandwidth 
in 80960CA 
applications. 
An asynchronous 
microcontroller 
RESET feature 
puts the outputs 
in the high impedance 
state 
and takes the internal 
state machine 
to a known 
state where 
a new burst access 
can begin. 


The 27960CX 
is available 
in either 44-lead Cerquad 
(reprogrammable) 
or PLCC packages. 
Cerquad 
allows for 
code changes 
in the R & 0 environment 
while PLCC provides 
optimum 
cost effectiveness 
during production. 
Two No Connects 
(NC) on the package 
allow for an upgrade 
to 4 Mbits (512K x 8). 


The 27960CX 
is manufactured 
on Intel's 
1 micron CHMOS 
III-E technology. 
The Quick-Pulse 
Prograrnrninqt 


algorithm 
provides 
fast, reliable 
programming 
with throughput 
under 
17 seconds 
for optimized 
equipment. 


'CHMOS is a Patented Process of Intel Corporation. 
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Figure 1. 27960CX Burst EPROM Block Diagram 
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Order 
Number: 
290236-004 


27960CX 


27960CX 
BURST EPROM 
Architecture 


EPROMs are established as the preferred code stor- 
age device in embedded applications. The non-vola- 
tile, flexible, reliable, cost effective EPROM makes a 
product easier to design, manufacture and service. 
Until recently, however, EPROMs could not match 
the performance needs of high-end systems. The 
27960CX was designed to support the 80960CA em- 
bedded processor. It utilizes the burst interface to 
offer near zero wait-state performance without the 
high cost normally associated with this performance. 


In embedded designs, board space and cost must 
be kept at a minimum without impacting perform- 
ance and reliability. The 27960CX removes the need 
for expensive high-speed shadow RAM backed up 
by slow EPROM or ROM for non-volatile code stor- 
age. Code optimization concerns are reduced with 
"off-chip" code fetches no longer crippling to sys- 
tem performance. FONTs can be run directly out of 
these EPROMs at the same performance as high- 
speed DRAMs. With the 27960CX, the EPROM is 
the ideal code or FONT storage device for your 
80960CA system. 


'CERQUAD 
is available 
in a socket 
only version. 


The 27960CX provides a no-glue, synchronous burst 
interface to the 80960CA's bus. It operates in pipe- 
lined 
or 
non-pipelined 
modes. 
Internally, 
the 
27960CX is organized in 4 byte blocks which are 
accessed sequentially. A burst access begins on the 
first clock pulse after ADS and ~ 
are asserted. The 
address of the 4 byte block is latched on the rising 
edge of clock following ADS. After a preset number 
of wait-states (1 or 2), data is output one byte at a 
time on each subsequent clock cycle. A burst ac- 
cess is terminated on the rising edge of clock with 
BLAST asserted. High performance outputs provide 
zero wait-state data to data accesses at clock fre- 
quencies up to 33 MHz. Extra power and ground 
pins dedicated to the outputs reduce the effects of 
fast output switching on device performance. 


The pipelining capability of the 27960CX allows the 
address to overlap the last data byte of the burst, 
further optimizing bus band width in 80960CA appli- 
cations. In the pipelined mode, with a non-buffered 
interface, the 27960CX delivers 4 bytes of data in 
6 clock cycles at 33 MHz. In a 32-bit configuration, 
this translates into a read bandwidth of 88 Mbytes/ 
sec. Performance capability of the 27960CX in dif- 
ferent 80960CA systems is given in Table I. 
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1 
ADDRESS 
.. 


17 
I' 


A 
DATA 
< 
27960CX 
.. 
8 
BURST 
ADS 
EPROt.l 


BLAST 
128K x 8 
RESET 


ClK 


PGt.I 


Figure 2. 27960CX 
Burst EPROM Signal Set 
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Table 1. Performance 
Capability 


33MHz 
2WS 
Non-Buffered; 4 Words/6 
Clock Cycles -+ 88 Mbytes/Sec 


AOOR 
Aoo 
WS 
WS 
Ao1 
WS 
WS 
Ao2 
WS 


DATA 
000 
001 
002 
003 
010 
011 
012 
013 
PCLK 
C1 
C2 
C3 
C4 
Cs 
Ca 
C7 
C1 
C2 
C3 
C4 
Cs 
c, 
C1 


25MHz 
2WS 
Buffered: 4 Words/6 
Clock Cycles -+ 66 Mbytes/Sec 


AOOR 
Aoo 
WS 
WS 
Ao1 
WS 
WS 
Ao2 
WS 


DATA 
000 
001 
002 
003 
010 
011 
012 
013 
PCLK 
C1 
C2 
C3 
C4 
Cs 
Cs 
C7 
C1 
C2 
C3 
C4 
Cs 
Cs 
C1 


20MHz 
1WS 
Buffered: 4 Words/5 Clock Cycles -+ 64 Mbytes/Sec 


AOOR 
Aoo 
WS 
Ao1 
WS 
Ao2 
WS 
DATA 
000 
001 
002 
003 
010 
011 
012 
013 
PCLK 
C1 
C2 
C3 
C4 
Cs 
Cs 
C1 
C2 
C3 
C4 
Cs 
C1 


16MHz 
1 WS 
Buffered: 4 Words/5 Clock Cycles -+ 51 Mbytes/Sec 


AOOR 
Aoo 
WS 
Ao1 
WS 
Ao2 
WS 
DATA 
000 
001 
002 
003 
010 
011 
012 
013 
PCLK 
C1 
C2 
C3 
C4 
Cs 
Cs 
C1 
C2 
C3 
C4 
Cs 
C1 


I 
~ 
e, 
~ 
~ 
2: 
Cl) 
e, ...J 
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o 
> 
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z 
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CJ27960CX 
44 LEAD 
CERQUAD 


AI6 


AI5 


AI. 


AI3 


AI2 


All 


AIO 


Ag 


31 
A8 


A7 


A6 


N27960CX 
44 LEAD 
PLCC 


0.650" x 0.650" 
TOP VIEW 
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Figure 3. 27960CX 
44 Lead PLCC/CERQUAD 
Plnout 
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PIN DESCRIPTIONS 


Symbol 
Ptn 
Function 


Aa-A16 
23-39 
ADDRESS 
INPUTS: During a burst operation, 
A2-A16 
provides 
the 
base address pointing to a block of four consective 
bytes. Ao and A1 


I 
select the first byte of the burst access. The 27960CX 
latches 
addresses 
in the first clock cycle. An internal address generator 
increments 
addresses 
Aa and A1 for subsequent 
bytes of the burst. 


00-07 
6,7,10, 
DATAINPUTS/OUTPUTS 
11,13,14, 
17,18 


ADS 
42 
ADDRESS 
STROBE: 
Indicates the start of a new bus access. ADS is 
active low in the first clock cycle of a bus access. 


CS 
3 
CHIP SELECT: Master device enable. When asserted 
(active low) 
data can be written to and read from the device. In read mode, CS 
enables the state machine and the 1/0 circuitry. 
NOTE: 
1. The address decode 
path is independent 
of CS, Le., X and Y 
decoding 
is always powered 
up. 


2. For programming, 
CS should remain low for the entire cycle. 
Program and verify functions 
are done one byte at a time. 
3. CS going high does not terminate 
a concurrent 
burst cycle. 


BLAST 
1 
BURST LAST: Terminates 
a concurrent 
burst data cycle at the rising 
edge of the ClK. 
It must be asserted 
by the fourth data byte. 


RESET 
22 
ASYNCHRONOUS 
RESET INPUT: Resets the state machine 
into a 
known state, tri-states 
the outputs and puts address 
latches into the 
flow through 
mode. RESET must be asserted 
for a minimum of 10 
clock cycles. At least 5 clock cycles are reguired after deassertion 
of 
RESET before beginning 
the next cycle. RESET will abort a concurrent 
bus cycle. 


PGM 
43 
PROGRAM-PULSE 
CONTROL 
INPUT 


Vpp 
2 
PROGRAMMING 
POWER SUPPLY 


Vss 
5,8,12, 
GROUND 
15, 19,21 
l' 


Vcc 
9,16,20,44 
SUPPLY VOLTAGE 
INPUT 
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on the address lines (due to the EPROM only) ls 
24 pF for a 128K x 32 system and 48 pF for a 256K x 
32 system. The EPROM is specified at 6 pF for input 
capacitance (15 pF max) and 12 pF typical for out- 
put capacitance. Larger systems can be implement- 
ed with buffers (Figure 48). 


INTERFACE 
EXAMPLE 


Overview 


This example illustrates 8-, 16- and 32-bit wide 
27960CX interfaces to the 80960CA. The designs 
offer a simple "no-glue" interface. 


A non-buffered 27960CX system organized as 256K 
x 32 is shown in Figure 4A. Since the 27960CX is 
capable of driving a 80 pF load, large, non-buffered 
systems can be implemented by stacking up to 2 
banks of 4 EPROMs, resulting in a 256K x 32 memo- 
ry subsystem. The 
input 
capacitive 
load 
seen 


Chip Select Logic 


High order address lines are decoded to provide CS. 
Qualification with other signals is not required. The 
chip select logic can be implemented with standard 
asynchronous decoders, PAL's or PLO's (like Intel's 
85C508). 


CS2 
DEC 1-.::...--_----- ..•.-----_------. 
cs1 


80960CA 
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Figure 4A. 256K x 32 Non-Buffered Burst EPROM Memory System 


....-- 
cSN 


DEC 
CS2 
cS1 
I.....- 
~~-- ~--- ~--- 
~~-- 
cs 
• 
cs 
cs 
cs 


ADDRESS 
-'-- 
-- 
-- 
-'-- 


~ 
CS 
cs 
cs 
CS 


• 
~ 


cs 
cs 
cs 
cs 
27960CX 
27960CX 
27960CX 
27960CX 


ADDRESS 
If 
~ 
, 128K 
128K 
128K 
128K 
x 
••• 


x 
••• 


x 
l- 
x 
I....-- 
8 
8 
8 
8 
80960CA 
I-- 
I-- 
10- 
10- 


..-- 
~ 
J 
J 
L 
DATA 
.. 


'i 
XCVR 
'i 


L-- 
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Figure 4B. Buffered Burst EPROM Memory System 
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In a non-buffered. 16-bit system (Figure 6A) BE1 
and A2 connect to the lower order address bits of 
the 27960CX. BE1 connects to Ao of both EPROMs. 
while A2 connects to both A1·S. 


In a non-buffered. 8-bit system (Figure 6B) BEOand 
BE1 connect to Ao and A1 respectively. 


Schematics 


Figure 5 shows a non-buffered. 128K x 32 27960CX 
EPROM system. 


Chip select logic. the only external logic that is re- 
quired for this interface. can be derived from the 
global system chip select circuitry. 


ADDRESS 


DECODERI-C 
...;.5__ 
------_------ 
•••••. 
....:..------. 
(85C508) 


DATA 


cs 
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Ao-A'6 
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'7 
27960CX 
I-P-C-lK-------+I 
ADS '28Kx8 
......,B=lA=S=T-----......,~ 
ClK 


80960CA 1---------+1 
BLAST 


cs 
Ao-A'6 


27960CX 
ADS '28Kx8 


ClK 


cs 
Ao-A'6 


27960CX 
ADS '28Kx8 


ClK 


BLAST 


32 
290236-6 


Figure 5. 128K x 32 27960CX Burst EPROM System 
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Figure 6A. 27960CX Burst EPROM In a 16·Blt System 
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CS 
A2-A'6 
15 


ADS 
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27960CX 
PCLK 
128K 
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AO 


8V 
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Figure 6B. 27960CX 
Burst EPROM In a 8-Blt System 


Waveforms 


Figure 7 shows the timing waveforms 
of a 27960CX 
pipelined 
read in a 32·bit system. 


required. 
With 
the 
80960CA's 
maximum 
valid 
ad- 


dress delay of 18 ns at 33 MHz, 7 ns remains for CS 
decoding 
logic. 


CS Setup Time 


CS setup time is the time between CS being assert- 
ed and the first ClK 
rising edge (during the address 


cycle). 
Since 
a memo~cess 
begins 
on the first 
ClK 
risin~dge 
after ADS and CS are asserted, 
a 
minimum 
CS setup time of 5 ns (tSVCH) at 33 MHz is 


Bootup 


The wait state configuration 
(1 or 2), of the 27960CX 


is programmed 
by the user into the 80960CA 
Region 


Table 
parameters 
of 
NRAD, 
NRDD, 
and 
NXDA. 


NRDD is always 0 for the 27960CX. 
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NOTES: 
1. The EPROM 
can also operate 
in non pipelined 
mode 
Le, next address 
and ADS can be asserted 
in the clock 
cycle 


following 
the last data word of the burst. 


2. 2 - 
0 - 
0 - 0 Burst Read -+ 
2 indicates 
the number 
of wait states 
to access 
the first word 
O's indicate 
the number 
of wait states 
for subsequent 
data words: 


o in this case! 
3. 27960CX 
latches 
addresses 
on the falling 
edge of clock 
cycle 
1 after sampling CS and ADS it has an internal 
address 


generator 
which 
increments 
addresses 
for subsequent 
words 
of the burst. 
It ignores 
the states 
of A2' A3 and BEO-BE3 


during 
a burst. 


Figure 7_Two Cycles of a 27960CX 
2 Wait State 4 Byte Read (2-0-0-0 
Burst Read) in a 32 Bit System 


During boot-up 
(Figure a), the a0960CA 
picks up it's 
Region 
Table 
data 
from 
addresses 
FFFF 
FFOO; 
FFFF FF04; FFFF 
FFOa and FFFF FFOC. Only the 
least significant 
byte of each of the above four 32-bit 
accesses 
is used to configure 
the Region Table. For 
boot-up, the wait-state 
parameters 
NRAD and NXDA 
default 
to 31 and 3 respectively. 
During boot-up, 
the 
27960CX 
will wrap around the first word of the four- 
word 
burst 
and 
hold the first word 
until 
BLAST 
is 
asserted. 


27960CX 
DEVICE 
NAMES 


The device 
names on the 27960CX 
were derived 
as 
mnemonics 
that 
correspond 
to the number 
of wait 
states and expected 
operating 
frequency 
for the de- 
vice. 
For 
example, 
the 
25 
MHz, 
2 
wait 
state 
27960CX 
is named 27960C2-25. 


AC TIMING 
DERIVATIONS 


The 
AC timings 
for the 
27960CX 
were 
generated 
specifically 
to 
meet 
the 
requirements 
of 
the 
a0960CA 
microprocessor. 
In each case the applica- 
ble a0960CA 
clock 
frequency 
and AC timing 
were 
taken together 
with an address 
buffer delay (if need- 
ed) and a typical 
2 ns guard band to generate 
the 
27960CX 
AC 
timing. 
Worst 
case 
timings 
were 


always 
assumed. 
The 
example 
below 
shows 
how 
the 27960C2-33 
tavcoh timing was derived. 


@33 MHz the clock cycle is - 30 ns. 


tOV2 of the a0960CA 
is 3 ns - 
16 ns. 


Typical 
2 ns guardband. 


27960C2-33 
tavcoh 
= 30 ns - 
16 ns - 
2 ns 


= 12 ns 


On timings 
where the EPROM 
is faster than the mi- 
croprocessor, 
we specified 
the time required 
by the 
EPROM 
and left the excess 
time as additional 
sys- 


tem guard band. 


Decoders 
are needed 
for the 
systems 
chip 
select 
decoding. 
For the 27960CX 
timings 
we assumed 
a 
10 ns chip select 
decoder 
for 20 MHz and 16 Ml-lz 
and 
a 
7 
ns 
decoder 
for 
25 
MHz 
and 
33 
MHz 
systems. 
The 
example 
below 
shows 
how 
the 
27960C2-33 
tsvch timing was derived. 


@33 MHz the clock cycle is - 30 ns. 


tova of the a0960CA 
is 3 ns - 
16 ns. 


Decoder 
= 7 ns 


27960C2-33 
tsvch = 30 ns - 
16 ns - 
7 ns 


= 7 ns 
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BINARY SEQUENCE fROt.4 Aa TO A16 


290236-12 
vPP = + 5V 
R = 1 KO 
CS = GND 
vcc = +5V 
GND = av 
Cl.K = 1 MHz 


Figure 9. 27960CX 
Burn In Biasing Diagram 


System 
Buffering 
Considerations 


For large system applications buffering may be re- 
quired between the microprocessor and memory de- 
vices. The 25, 20 and 16 MHz 27960CX 
AC timings 
take this into account. For applications not requiring 
buffering these devices will provide additional sys- 
tem guardband. 


The list below shows the buffers used in generating 
the 27960CX timings: 


25MHz 
20MHz 
16MHz 


Input 
Buffer 
8 ns 
10 ns 
10 ns 


Output 
Buffer 
5 ns 
7 ns 
7 ns 


Note that the 25 MHz buffers are slightly faster in 
keeping with the increased sensitivity for higher per- 
formance. Significantly faster buffers are available 
for applications requiring them. The example below 
shows the tchqv timing analysis for a buffered 
27960C2-25. 
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@25 MHz the clock cycle is - 40 ns. 


tlHl of the 80960CA 
is 5 ns. 


Output buffer for 25 MHz = 5 ns 


27960C2·25 
tcHQV = 40 ns - 
5 ns - 
5 ns 


= 30 ns 
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ABSOLUTE 
MAXIMUM 
RATINGS· 
NOTICE: This data sheet contains preliminary infor- 
mation on new products in production. The specifica- 
tions are subject to change without notice. 
Read Operating 
Temperature 
O·C to + 70·C(8) 


Case Temperature 
Under Bias .. -1 O·C to + 80·C(8) 


Storage Temperature 
- 65·C to + 125·C 


All Input or Output 
Voltages 
with Respect to Ground 
- 0.6V to + 6.5V(4) 


Voltage 
on Ag 
with Respect to Ground ..... 
- 0.6V to + 13.0V(4) 


Vpp Supply Voltage 
with Respect 
to Ground ..... 
-0.6V 
to + 14.0V(4) 
vcc Supply Voltage 
with Respect 
to Ground 
- 0.6V to + 7.0V(4) 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings 
only. Operation. beyond 
the 


"Operating 
Conditions" 
is not recommended 
and ex- 


tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


READ OPERATION 


DC CHARACTERISTICS 
o·c < TA + 70·C, VCC = 5V ± 10%, TTL Inputs 


Symbol 
Parameter 
Notes 
Min 
Max 
Unit 
Test Condition 


III 
Input Load Current 
1 
/LA 
VIN = 5.5V 


ILO 
Output Leakage Current 
10 
/LA 
VOUT = 5.5V 


Ipp 
Vpp Load Current Read 
10 
/LA 
Vpp = 0 to vcc. PGM = VIH 


IS8 
vcc Standby I Switching 
2 
45 
mA 
CS = VIH, f = 33 MHz 
I Stable 
2 
30 
mA 
CS = VIH 


Icc 
Vcc Active Current 
1,3,7 
125 
mA 
CS = VIL, f = 33 MHz, 
lOUT = OmA 


VIL 
Input Low Voltage 
4 
-0.5 
0.8 
V 


VIH 
Input High Voltage 
2.0 
vcc + 1 
V 


VOL 
Output Low Voltage 
0.45 
V 
10L = 2.1 mA 


VOH 
Output High Voltage 
5 
vcc - 
0.8 
V 
10H = -100/LA 


5 
2.4 
V 
10H = - 400 /LA 


'os 
Output Short Circuit 
6 
100 
mA 


NOTES: 
1. Maximum current is with outputs unloaded. 
2. tee standby current assumes no output loading i.e., 10H= 10L= 0 mA. 
3. Icc is the sum of current through VCC3 + VCC4 and does not include the current through VCC1 and VCC2. (VCC1 and 
VCC2 supply power to the output drivers. VCC3 and VCC4 supply power to the reset of the device.) 
4. Minimum DC input voltage on input and output pins is -0.5V. 
During transitions, this level may undershoot to -2.0V 
for 
periods less than 20 ns. 
5. Maximum DC voltage on input and output pins is VCC + 0.5V which may overshoot to vcc + 2.0V for periods less than 
20 ns. 
6. One output shorted for no more than one second. los is sampled but not 100% tested. 
7. tee max measured with a 0.11 ,.F capacitor between Vcc and Vss. 
8. This specification defines commercial product operating temperatures. 
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EXPLANATION 
OF AC SYMBOLS 
The fifth character 
represents 
the signal 
level indi- 
cated for the fourth 
character. 
The list below shows 
character 
representations. 


A: 
Address 
R: 
Reset 
B: 
BLAST 
Q: 
Data 
C: 
Clock 
S: 
CS 
H: 
logic 
High level 
t: 
Time 
l: 
ADS/logic 
low 
level 
V: 
Valid 
P: 
Vpp Programming 
Voltage 
Z: 
Tri-state 
lElvel 
X: 
No longer a valid "driven" 
logic level 


The nomenclature 
used for timing parameters 
are as 
per IEEE STD 662-1980 
IEEE Standard 
Terminology 
for Semiconductor 
Memory. 


Each timing symbol 
has five characters. 
The first is 
always a "t" (for time). The second 
character 
repre- 


sents a signal name. e.g., (ClK, 
ADS, etc.). The third 
character 
represents 
the signal's 
level (high 'or low) 
for the signal indicated 
by the second character. 
The 


fourth character 
represents 
a signal name at which a 
transition 
occurs marking the end of the time interval 
being specified. 


AC CHARACTERISTICS: 
READ OPERATION 
O°C < TA < + 70°C, vcc = 5V ±10% 


27960C2-33 
27960C2-25 
27960C1-20 
27960C1-16 


Versions 
33MHz 
25MHz 
20MHz 
16MHz 
2 Wait State 
2 Wait State 
1 Wait State 
1 Wait State 
Unit 


No. 
Symbol 
Parameter 
Notes 
Mln 
Max 
Mln 
Max 
Mln 
Max 
Mln 
Max 


1 
tAVCoH Address Valid to 
ClKo 
12 
10 
14 
22 
ns 
CLKHigh 


2 
tcNHAX 
CLK High to 
2 
0 
0 
0 
0 
ns 
Address Invalid 


3 
tLLCH 
ADS low to CLK High 
ClKo 
8 
8 
14 
22 
ns 


4 
tcHLH 
ClK high to ADS High 
5 
6 
22 
6 
32 
6 
36 
6 
40 
I1S 


5 
tSVCH 
C8Validto 
1 
7 
7 
6 
14 
ns 
ClK High 


6 
tcNHSX ClK High to 
2 
0 
0 
0 
0 
ns 
C8lnvalid 


7 
tcHQV 
ClK High to Data Valid 
7 
27 
30 
35 
40 
rlS 


8 
tcHQX 
ClK High to Data Invalid 
5 
5 
5 
5 
ns 


9 
tcHQZ 
ClK High to Data High Z 
6 
25 
30 
30 
30 
rlS 


10 
tBvCH 
BLAST Valid to 
8 
8 
14 
22 
ns 
ClKHigh 


11 
tcHBX 
ClK High to 
3 
6 
22 
6 
32 
6 
36 
6 
40 
ns 
BLAST Invalid 


NOTES: 
1. Valid signal level is meant to be either a logic high or logic low. 
2. The subscript N represents the number of wait states for this parameter. CS can be de-asserted (high) after the number 
of wait states (N) has expired and the EPROM will continue to burst out data for the current cycle. 
3. BLAST11 must be returned high before the next rising clock edge. 
4. The sum of tcHQV + tAVCH+ NCLKwill not equal actual tAVQVif independent test conditions are used to obtain tAVCH 
and tcHQV(N = number of wait states). 
5. ~ 
must be returned high before the next rising clock edge. 


6. Sampled, not 100% tested. The transition is measured ± 500 mV from steady state voltage. 
7. For capacitive loads above 80 pF, tcHQVcan be derated by 1 ns/20 pF. 
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Figure 10. 27960CX Plpellned 2 Wait State AC Waveforms 
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ID Byte 0: Manufacturer 
VIL 
VIH 
VIH(l) 
VIH(2) 
VIH 
VIO(3) 
Vcc 
Vcc 
89H 


ID Byte 1: Part (27960) 
VIL 
VIH 
VIH(l) 
VIH(2) 
VIH 
VIO(3) 
Vcc 
Vcc 
EOH 


ID Byte 2: CX 
VIL 
VIH 
VIH(l) 
VIH(2) 
VIH 
VIO(3) 
Vcc 
Vcc 
01B 


ID Byte 3: 1 Wait State 
VIL 
VIH 
VIH(l) 
VIH(2) 
VIH 
VIO(3) 
Vcc 
Vcc 
01B 
2 Wait States 
10B 


Reset 
X 
X 
X 
X 
VIL 
X 
Vcc 
Vcc 
HighZ 


NOTES: 
1. VIH until data terminated at which time BLAST must go to VIL· 
2. Need to toggle from VIH to VIL to VIH. 
3. See OC Programming Characteristics for vcc. VID and Vpp voltages. 
4. X can be VIL or VIH. 
5. Vpp = vcc to meet standy current specification. ~Vpp 
> VIL WiIISause a slight increase in standby current. 


6. The device must be in the idle state (by asserting RESET or using BLA 1) before going into standby. 


CAPACITANCE(1) 
TA = 25°C. f = 1.0 MHz 


Symbol 
Parameter 
Typ 
Max 
Unit 
Condition 


CIN 
Input Capacitance 
4 
6 
pF 
VIN = OV 


COUT 
Output Capacitance 
12 
15 
pF 
VOUT = OV 


Cvpp 
Vpp Capacitance 
40 
45 
pF 
VIN = OV 


NOTE: 
1. Sampled. Not 100% tested. 
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AC INPUT/OUTPUT 
REFERENCE 
WAVEFORMS 
AC TESTING 
LOAD CIRCUIT 


CL includes 
jig capacitance 
For tcHQZ Cl = 5 pF and Rl = 4050 


78011 


2.1V 


TIMING 
PARAMETER 


_--VOH 


OUTPUT 


'---VOl 
290236-15 
290236-14 


Input and output 
timings 
are measured 
from 
1.5V. 


Timing 
values 
are specified 
assuming 
maximum 
input 
and output 
rise and fall time = 4 ns. 


CLOCK 
CHARACTERISTICS 


Versions 
33MHz 
25MHz 
20MHz 
16MHz 
Units 
Symbol 
Parameter 
Mln 
Max 
Mln 
Max 
Mln 
Max 
Mln 
Max 


ClK 
Period 
30.3 
40 
50 
62.5 
ns 


tpR 
Rise Time 
1 
4 
1 
4 
1 
4 
1 
4 
ns 


tpF 
Fall Time 
1 
4 
1 
4 
1 
4 
1 
4 
ns 


tpL 
low Time 
(tl2) - 2 
tl2 
(tl2) - 3 
tl2 
(tl2) - 4 
tl2 
(tl2) - 4 
tl2 
ns 


tpH 
High Time 
(tl2) - 2 
t/2 
(tl2) - 3 
tl2 
(t/2) - 4 
tl2 
(tl2) - 4 
tl2 
ns 


Max Rise Time for Programming 
ClK = 100 ns 


CLOCK 
WAVEFORM 


f+----ClK--'--+i 


290236-16 


7-33 


I 


inter 
27960CX 


The programmer 
can verify the device 
identifier 
and 
choose the programming 
algorithm 
that corresponds 
to the 
Intel 27960CX. 
The 
inteligent 
Identifier 
can 
also be used to verify that the product 
is configured 
with the desired 
Read mode options 
for wait states. 


Program/Program 
Verify 


Initially, 
and 
after 
each 
erasure, 
all 
bits' 
of 
the 


EPROM are in the "1 's" state. Data is introduced 
by 


selectively 
programming 
"O's" 
into the 
desired 
bit 


locations. 
Although 
only "O's" 
can be programmed, 
both 
"1 's" 
and 
"O's" 
can 
be present 
in the 
data 


word. 
Ultraviolet 
erasure 
is the only way to change 


"O's" 
to "1 's". 


inteligent 
Identifier 
mode is entered when A9 (pin 32) 


is raised to its high voltage 
(YID) level. The internal 
state 
machine 
is then 
set 
for 
intelligent 
Identifier 
Read operation. 
Reading 
the identifier 
is similar to a 
Read operation 
on a one wait state configured 
prod- 
uct. Up to four bytes can be read in a single 
burst 


access. 
inteligent 
Identifier 
read is terminated 
by a 
synchronous 
BLAST 
input, 
returning 
the 
state 
ma- 
chine 
to the idle state 
with outputs 
at high imped- 


ance. 


Programming 
mode is entered 
when Vpp is raised to 


12.75V. 
ProgramlVerify 
operation 
is synchronous 


with the clock and can only be initiated 
following 
an 


idle state. Program and Program Verify take place in 
3 clock 
cycles. 
In the first 
clock 
cycle, 
addresses 


and data 
are input 
and 
programming 
occurs. 
Pro- 


gram Verify 
follows 
in the second 
clock 
cycle 
and 


the 
third 
clock 
cycle 
terminates 
synchronous 
Pro- 


gramlVerify 
operation, 
returning 
the state 
machine 


to the idle state with outputs 
at high impedance. 


As in the Read mode, A2-A16 
point to a four byte 


block in the memory 
array. During programming, 
the 


internal 
address 
increment 
circuitry 
is disabled 
and 


the programmer 
must supply Aa and A1 to point to 


an individual 
byte within the four byte block that is to 


be programmed. 
Only 
one 
byte 
is programmed 
in 


each 3 cycle ProgramlVerify 
sequence. 


The four byte block code for the inteligent 
Identifier 
code is located 
at address 
OOH through 
03H and is 
encoded 
as follows: 


MEANING 
(A1, AO) 
DATA 


IntellD 
Byte 00 
89h 


27960 
Byte 01 
EOh 
ex 
Byte 10 
01b 


1 Wait State 
Byte 11 
01b 
2 Wait States 
Byte 11 
10b 


Program Inhibit 
RESET 
MODE 


The Program 
Inhibit mode 
allows 
parallel 
program- 


ming and verification 
of multiple 
devices 
with differ- 


ent data. With Vpp at 12.75V, 
a ProgramlVerify 
se- 


quence 
is initiated for any device that receives 
a val- 


id ADS pulse and rising clock 
edge while CS is as- 


serted. A PGM pulse programs 
data in the first cycle 


of the sequence 
and data for Program 
Verify is out- 


put 
in the 
second 
cycle. 
The 
ProgramlVerify 
se- 
quence 
is inhibited 
on any devices 
for which 
CS is 


not asserted. 
Data will not be programmed 
and the 


outputs 
will remain in their high impedance 
state. 


Due to the synchronous 
nature of the 27960CX, 
the 
various 
operating 
modes 
must 
be initiated 
from 
a 
known idle state. During normal operation, 
the inter- 


nal state machine 
returns to an idle state at the ter- 


mination 
of a bus access 
(after .BLAST is asserted). 


During initial device 
power 
up, the state 
machine 
is 
in an indeterminant 
state. The reset mode is provid- 
ed to force operation 
into the idle state. Reset mode 
is entered 
when the RESET 
pin is asserted. 
Output 


pins are asynchronously 
set to the high impedance 
state 
and 
address 
latches 
are 
put 
into 
the 
flow 
through 
mode. 
A reset 
is successfully 
completed 
and 
the 
state 
machine 
set 
in an idle 
state 
when 
RESET 
has 
been 
asserted 
for 
a minimum 
of 
10 
clock cycles 
and deasserted 
for five clock 
cycles. 


inteligent 
IdentifierTM Mode 


The device's 
manufacturer, 
product 
type, and con- 


figuration 
are stored 
in a four byte block that can be 
accessed 
by using the inteligent 
IdentifierTM 
mode. 
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Figure 11. Quick-Pulse 
Programmlng™ 
Algorithm 
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ERASURE 
CHARACTERISTICS 
(FOR WINDOWED 
DEVICES) 


Exposure to light of wavelength shorter than 4000 
Angstroms begins erasure. Sunlight and some fluo- 
rescent lamps have wavelengths in the 3000-4000 
Angstrom range. Constant exposure to room-level 
fluorescent light can erase the EPROM array in 
about 3 years (about 1 week for direct sunlight). 
Opaque labels over the window will prevent uninten- 
tional erasure under these lighting conditions. 


The recommended erasure procedure is exposure 
to 2537 Angstrom ultraviolet light. The minimum in- 
tegrated erasure time using a 12000 fW/ cm2 ultravi- 
olet lamp is approximately 15 to 20 minutes. The 
EPROM should be placed about 1 inch from the 
lamp. The 
maximum integrated 
dose 
is 
7258 
Wsec/cm2 (1 week @ 12000 fW/cm2). High intensi- 
ty UV light exposure for longer periods can cause 
permanent damage. 


QUICK-PULSE 
PROGRAMMINGTM 
ALGORITHM 


The Quick-Pulse Programming algorithm programs 
Intel's 27960CX. Developed to substantially reduce 
programming throughput time, this algorithm allows 
optimized equipment to program a 27960CX in un- 
der 17 seconds. Actual programming time depends 
on the programmer used. 


The Ouick-Pulss Programming algorithm uses a 
100 f.Ls pulse followed by a byte verification to deter- 
mine when the addressed byte is correctly pro- 
grammed. The algorithm terminates if 25 100 f.Ls 
pulses fail to program a byte. Figure 11 shows the 
27960CX Quick-Pulse Programming algorithm flow- 
chart. 


The entire program-pulse/byte-verify sequence is 
performed with vcc '= 6.25V and Vpp = 12.75V. 
The program equipment must establish vcc before 
applying voltages to any other pins. When program- 
ming is complete, all bytes should be compared to 
the original data with vcc = 
5.0V and Vpp = 
12.75V. 


D.C. PROGRAMMING 
CHARACTERISTICS 
TA = 25° ± 5°C 


Symbol 
Parameter 
Notes 
Mln 
Max 
Unit 
Condition 


III 
Input Load Current 
10 
f.LA 
VIN = VIHor Vu, 


Icc 
vcc Program Current 
1 
125 
. mA 
CS = vu, 


Ipp 
Vpp Program Current 
1 
50 
mA 
CS = Vu, 


Vll 
Input Low Voltage 
-0.5 
0.8 
V 


VIH 
Input High Voltage 
2.0 
vcc + 0.5 
V 


VOl 
Output Low Voltage(Verify) 
0.40 
V 
IOl = 2.1 mA 


VOH 
Output High Voltage(Verify) 
vcc - 0.8 
V 
IOH= -400 
f.LA 


VID 
A9 inteligent Identifier 
11.5 
12.5 
V 
Voltage 


Vcc 
Supply Voltage (Program) 
2 
6.0 
6.5 
V 


Vpp 
Program Voltage 
2 
12.5 
13.0 
V 


NOTES: 
1. The maximium 
current 
value 
is with outputs 
unloaded. 


2. VCC must be applied 
simultaneously 
or before 
Vpp and removed 
simultaneously 
or after Vpp. 


3. During programming 
clock 
levels 
are VIH and VIL. 
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A.C. PROGRAMMING, 
RESET AND ID CHARACTERISTICS 
O°,c < TA < + 70°C 


No. 
Symbol 
Parameter 
Notes 
Min 
Max 
Unit 


1 
tAVPl 
Address 
Valid to PGM low 
2 
IJ-s 


2 
tCHAX 
ClK 
High to Address 
Invalid 
50 
ns 


3 
tllCH 
ADS low 
to ClK 
High 
1 
50 
ns 


4 
tCHlH 
ClK 
High to ADS High 
2 
50 
ns 


5 
tSVCH 
CS Valid to ClK 
High 
50 
ns 
- 


6 
tcHSX 
ClK 
High to CS Invalid 
3 
ns 


7 
tCHQV 
ClK 
High to DOUT Valid 
100 
ns 


8 
tCHQX 
ClK 
High to DOUT Invalid 
0 
ns 


9 
tBVCH 
BLAST Valid to ClK 
High 
50 
ns 


10 
tCHBX 
ClK 
High to BLAST Invalid 
4 
50 
ns 


11 
taVPl 
DATA Valid to PGM low 
2 
IJ-s 


12 
tplPH 
PGM Program Pulse Width 


.! 
95 
105 
IJ-s 


13 
tpHQX 
PGM High to DIN Invalid 
2 
IJ-s 


14 
tClPl 
ClK 
low to PGM low 
50 
ns 


15 
tQZCH 
DIN Tri-State to ClK 
High 
2 
IJ-s 


16 
tvcs 
VCC Program Voltage to ClK 
High 
7 
2 
IJ-s 


17 
tvps 
Vpp Program Voltage to ClK 
High 
7 
2 
IJ-s 


18 
tA9HCH 
A9 VID VOltage to ClK 
High 
2 
IJ-s 


19 
tcHA9X 
ClK 
High to A9 Not VID Voltage 
2 
= 
IJ-s 


20 
tRVCH 
RESET Valid to ClK 
High 
6 
50 
ns 


21 
tCHCl 
CLI< High to ClK 
low 
5 
100 
, 
ns 


22 
tclCH 
ClK 
low 
to ClK 
High 
5 
100 
ns 


NOTES: 
1. If cs is low, ADS can go low no sooner than the falling edge of the previous ClK. 
2. ADS must return high prior to the next rising edge of clock. 
3. CS must remain low until after the rising edge of ClK1. 
4. BLAST must return high prior to the next rising edge of ClK. 
5. Max ClK rise/fall time is 100 ns. 
6. RESET must be low for 10 clock cycles and high for 5 clock cycles. 
7. vcc must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 
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Figure 12. 27960CX 
Programming 
Waveforms 
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RESET and inteligent Identifier 
Waveforms 
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Figure 13. 27960CX 
RESET and ID Waveforms 
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27960KX 
BURST ACCESS 1M (128K x 8) CHMOS EPROM 


• 
Synchronous 
4-Byte 
Data Burst Access 


• 
Simple Interface 
to the 80960KA/KB 


• 
High Performance 
Clock to Data Out 
- 
Zero Wait State Data-to-Data 
Burst 
- 
Supports 
16, 20 and 25 MHz 
80960KA/KB 
Devices 


• 
Asynch 
Microcontroller 
Reset Function 
- 
Returns 
to Known State with High Z 
Outputs 


• 
CHMOS· 
III-E for High Performance 
and 
Low Power 
- 
125 mA Active, 
30 mA Standby 
- 
TTL Compatible 
Inputs 


• 
1 Mbit Density Configures 
as 128K x 8 
-Upgrade 
Path to 512K x 8 


Intel's 
27960KX 
is a 5V only, 1,048,576 
bit, Erasable 
Programmable 
Read Only Memory, 
organized 
as 128K 
words of 8 bits. It is a member 
of a new family of high performance 
EPROMs with synchronous 
burst access. 


The 27960KX 
provides 
a simple synchronous 
burst interface 
to the 80960KAlKB 
bus. Internally 
the 27960KX 


is organized 
in 4 byte blocks, in which each byte is accessed 
sequentially. 
The internal state machine 
is factory 
configured 
to generate 
either 
1 or 2 wait-states 
between 
the address 
and first data byte. High performance 
outputs 
provide 
zero wait-state 
data to data accesses 
at clock frequencies 
up to 25 MHz. 


An asynchronous 
microcontroller 
RESET feature 
puts the outputs 
in the high impedance 
state and takes the 
internal 
state machine 
to a known state where a new burst access 
can begin. 


The 27960KX 
is available 
in either 44 lead Cerquad .(reprogrammable) 
or PLCC packages. 
Cerquad 
allows for 
code changes 
in the R & 0 environment 
while PLCC provides 
optimum 
cost effectiveness 
during production. 


Two No Connects 
(NC) on the package 
allow for an upgrade 
to 4 Mbits (512K x 8). 


The 27960KX 
is manufactured 
on Intel's 
1 micron CHMOS 
III-E technology. 
The Quick-Pulse 
Proqrarnmlnqr 
algorithm 
provides 
fast, reliable 
programming 
with throughput 
under 17 seconds 
for optimized 
equipment. 


Cerquad 
is available 
in a socket 
only version. 


·CHMOS 
is a patented 
process 
bf Intel Corporation. 


ClK 
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Figure 1. 27960KX 
Burst EPROM Block Diagram 
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27960KX 
BURST EPROM 
Architecture 


EPROMs 
are established 
as the preferred 
code stor- 
age device in embedded 
applications. 
The non-vola- 
tile, flexible, 
reliable, cost effective 
EPROM makes a 
product 
easier 
to design, 
manufacture 
and service. 


Until recently, 
however, 
EPROMs 
could 
not match 
the 
performance 
needs 
of high-end 
systems. 
The 
27960KX 
was designed 
to support the 80960KAlKB 
embedded 
processor. 
It utilizes the burst interface 
to 
offer 
near zero-wait 
state 
performance 
without 
the 
high cost normally associated 
with this performance. 


In embedded 
designs, 
board 
space 
and cost 
must 
be kept 
at a minimum 
without 
impacting 
perform- 
ance and reliability. 
The 27960KX 
removes 
the need 
for expensive 
high-speed 
shadow 
RAM backed 
up 
by slow EPROM 
or ROM for non-volatile 
code stor- 
age. Code 
optimization 
concerns 
are reduced 
with 


"off-chip" 
code 
fetches 
no longer 
crippling 
to sys- 
tem performance. 
FONTs can be run directly 
out of 
these 
EPROMs 
at the same 
performance 
as high- 
speed 
DRAMs. 
With 
the 27960KX, 
the 
EPROM 
is 
the 
ideal 
code 
or 
FONT 
storage 
device 
for 
your 
80960KAlKB 
system. 


~ 
ADDRESS 
~ 


17 
I' 


" 
DATA 
< 
27960KX 
" 
8 
BURST 
ALE 
EPROM 


BLAST 
128K x 8 
RESET 


elK 


PGM 


The 27960KX 
provides 
a simple, 
synchronous 
burst 
interface 
to the 80960KA/KB's 
bus. Internally, 
the 
27960KX 
is organized 
in 4 byte blocks 
each byte is 
accessed 
sequentially. 
A burst access 
begins on the 
first clock pulse after CS is asserted. 
The address 
of 
the four byte block 
is latched 
by the rising edge of 
ALE. After 
a preset 
number 
of wait-states 
(1 or 2), 


data 
is output 
one 
byte at a time 
on each 
SUbSI3- 


quent clock 
cycle. 
A burst access 
is terminated 
on 
the rising edge of CLOCK if BLAST is asserted. 
High 
performance 
outputs 
provide 
zero wait-state 
data to 
data accesses 
at clock 
frequencies 
up to 25 MHz. 
Extra power 
and ground 
pins dedicated 
to the out- 
puts reduce 
the effects 
of fast output 
switching 
on 
device 
performance. 


The 
27960KX 
delivers 
4 bytes 
of data 
in 8 clock 
cycles 
at 25 MHz and 4 bytes 
of data 
in 7 clock 
cycles 
at 
20 
MHz. 
In a 32-bit 
configuration, 
tbls 
translates 
into a read bandwidth 
of 50 Mbytes/sec 
and 45 Mbytes/sec 
respectively. 
Performance 
capa- 
bility of the 27960KX 
in different 
80960KAlKB 
sys- 
tems is given in Table 1. 
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Figure 2. 27960KX 
Burst EPROM Signal Set 
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Figure 3. 27960KX 
44-Lead 
PLCC/CERQUAD 
Pinout 


PIN DESCRIPTIONS 


Symbol 
Pin 
Function 


Ao-A16: 
23-39 
ADDRESS 
INPUTS: During a burst operation, 
A2 and A16 provide the base 
address pointing to a block of four consecutive 
bytes. Ao and A1 select the first 
byte of the burst access. The 27960KXlatches valid addresses 
in the first clock 
cycle. An internal address gerierator 
increments 
addresses 
Ao and A1 for 
subsequent 
bytes of the burst. 


00-07: 
6,7,10,11, 
DATAINPUTS/OUTPUTS 
13,14,17,18 


ALE 
42 
ADDRESS 
LATCH ENABLE: Indicates the transfer 
of a physical address. 
ALE is 


an active low signal used to latch the addresses 
from the processor. 
Addresses 
are latched on the rising edge of ALE. Valid addresses 
must be present at or 
before ALE becomes 
valid. 


CS 
3 
CHIP SELECT: Master device enable. When asserted 
(active low) data can be 
written to and read from the device. In read mode, CS enables the state machine 
and the 1/0 circuitry. 
NOTES: 
1. The address decode 
path is independent 
of CS, i.e., Xand Y decoding 
is always 
powered 
up. 
2. For programming, 
CS should remain low for the entire cycle. Program and verify 
functions 
are done one byte at a time. 


3. CS going high does not terminate 
a concurrent 
burst cycle. 
4. CS must be deasserted 
between 
bursts. 


BLAST 
1 
BURST LAST: Terminates 
a concurrent 
burst data cycle at the rising edge of the 
ClK. 
It must be asserted 
by the fourth data byte. 


RESET 
22 
ASYNCHRONOUS 
RESET INPUT: Resets the state machine 
into a known state, 


tri-states 
the outputs and puts address latches into the flow through 
mode. The 
duration 
of RESET should be 10 ClK 
cycles minimum. At least 5 clock cycles are 
required after deassertion 
of RESET before beginning 
the next cycle. Reset will 
abort a concurrent 
bus cycle. 
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PIN DESCRIPTIONS 
(Continued) 


Symbol 
Pin 
Function 


PGM 
43 
PROGRAM-PULSE CONTROL INPUT 


Vpp 
2 
PROGRAMMING POWER SUPPLY Vpp 


Vss 
5,8,12, 
GROUND. 


15, 19,21 
. 
-. 


Vcc 
9,16,20,44 
SUPPLY VOLTAGE INPUT 
J 
I 
I 
.- 
,. 


Table 1. Performance Capability 


25/20 
MHz 2 WS NON-BUFFERED: 
4 WORDS/S CLOCK CYCLES -+ 
50/40 
MBYTES/SEC 


AOOR 
Aoo 
WS 
WS 
RS 
A01 
WS 
WS 
RS 
OATA 
000 
001 
002 
003 
010 
011 
012 
013 
CLK 
C1 
C2 
C3 
C4 
C5 
C6 
Cl 
CB 
C1 
C2 
C3 
C4 
C5 
C6 
Cl 
CB 


20 MHz 1 WS NON-BUFFERED : 4 WORDS/7 CLOCK CYCLES -+ 


AOOR 
Aoo WS 
RS 
Ao1 
WS 


OATA 
000 
001 
002 
003 
010 
011 
CLK 
C1 
C2 
C3 
C4 
C5 
C6 
Cl 
C1 
C2 
C3 
C4 


45 MBYTES/SEC 


RS 
A03 
WS 


16 MHz 1 WS BUFFERED : 4 WORDS/7 CLOCK CYCLES -+ 


AOOR Aoo 
WS 
RS 
A01 
WS 


OATA 
000 
001 
002 
003 
010 


CLK 
C1 
C2 
C3 
C4 
C5 
C6 
Cl 
C1 
C2 
C3 


36 MBYTES/SEC 


RS 


011 
012 
013 


C4 
C5 C6 
Cl 


A03 ·WS 


INTERFACE 
EXAMPLE 
system (shown) and 48 pF for a 256K x 32 system. 
The EPROM is specified at 4 pF for input capaci- 
tance and 12 pF typical for output capacitance. 
Larger systems can be implemented with buffers. 
Overview 


The following design offers a simple interface to the 
80960KA/KB's bus. 
Chip Select Logic 


High order address lines are decoded to provide CS. 
Qualification with other signals is not required. The 
chip select logic can be implemented with standard 
asynchronous decoders, PAL's or PLO's (like Intel's 
85C960). 


A non-buffered 27960KX burst EPROM system is 
shown in Figure 4. Since the 27960KX is capable of 
driving a 120 pF load, large, non-buffered systems 
can be implemented by stacking (JP to 2 banks of 4 
EPROMs, giving a memory size of 256K x 32. The 
input capacitive load seen on the address lines (due 
to the EPROM only) is 24 pF for a 128K x 32 
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NOTE: 
27960KX 
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address 
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Figure 4. 128K x 32 Burst EPROM System 


Waveforms 


Figure 5 shows the timing waveforms of 27960KX 
reads in a 32-bit system. 


CS setup time 


~ 
setup time is the time between ~ 
asserted and 
the first rising ClK edge of ClK (during the address 
cycle). Since a memoryaccess 
begins on the first 
ClK rising edge after CS asserted, a minimum ~ 
setup time of 5 ns (tSVCH)at 25 MHz is required. 
With the 80960KA/KB's maximum valid address de- 
lay of 18 ns at 25 MHz, 13 ns remains for CS decod- 
ing logic. 


CS Deassert between bursts 


After every EPROM read (one to four words) CS 
must be deasserted. 


Reset and RESET 


The 27960KX uses RESET. The 80960 KAlKB 
RESET signal must be inverted for the 27960KX. 


Clock Phase 


The initial rising edge of ClK and ClK2 must be in 
phase with as small a skew as possible. 
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NOTES: 
1. 1-0-0-0 
Burst Read -+ 
1 indicates 
the number 
of wait states 
to access 
the first word 
O's indicate 
the number 
of wait states 
for subsequent 
data words 
(0 in this case) 
2. 27960KX 
latches 
addresses 
on the rising edge of ALE: it has an internal 
address 
generator 
which 
increments 
ad- 
dresses 
for subsequent 
words 
of the burst. 


27960KX DEVICE NAMES 


Figure 5_Two Cycles of a 27960KX 1 Wait State, 4-Byte Read (1-0-0-0 Burst Read) In a 32-Blt System 


The device names on the 27960KX were derived as 
mnemonics that correspond to the number of wait 
states and expected operating frequency for the de- 
vice. 
For example, the 
25 
MHz, 2 wait 
state 
27960KX is named 27960K2-25. 


AC TIMING DERIVATIONS 


The AC timings for the 27960KX were generated 
specifically 
to 
meet 
the 
requirements 
of 
the 
80960KAlKB microprocessor. In each case the ap- 
plicable 80960KAlKB clock frequency and AC tim- 
ing were taken together with an address buffer delay 
(if needed) and a 4 ns positive clock skew or a 2 ns 
negative clock skew (see Figure 6A) guardband to 
generate the 27960KX AC timing. Examples of clock 


generation circuits (like Figures 6B and 6C) with de- 
tailed analysis and PAL equations will be made avail- 
able in a separate Applications note. Worst case tim- 
ings were always assumed. The example below 
shows how the 27960K1-20 tavcoh timing was de- 
rived. 
. 


@20MHz the clock cycle is - 50 ns. 
te of the 80960KAlKB is 2-20 ns. 
4 ns clock skew guardband. 


27960K1-20 tavcoh = 50 ns - 20 ns - 
4 ns 
= 26ns 


On timings such as this, where the EPROM is faster 
than the microprocessor, we specified the EPROM's 
timing leaving the excess time as system guard·· 
band. 
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NOTE: 
The 27960KX allows 
a positive 
clock 
skew (ClK2 leading ClK) of up to 4 ns and a negative 
clock 
skew (ClK2 lagging 
ClK) of up to 2 ns. The larger positive 
clock 
skew takes 
into account 
longer trace 
lengths 
and heavier 
loading 
on the 1)( 
clock 
trace. 


Figure 6A. Definition of Positive and Negative Clock Skew 


150 ~HzI 
80960KB 
CLOCK 


,11 


1 
.......• 
ClK2 


Combinatorial 
PAL 
Driver 
16l8-7 
74F244 
ClK 
.......• 
I 
I 
I 
I 
, 


27960KX 
27960KX 
27960KX 
27960KX 


NOTE: 
ClK and ClK2 are generated 
by the same PAL. This minimizes 
skew between 
ClK and ClK2. Both PAL outputs 
are fed 
to a 74F244 
driver. The EPROMs 
should 
be as close to the clock 
driver as possible. 


Figure 68. Example Clock Circuit with Minimum Skew 
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NOTE: 
This clock generation circuit uses a 100 MHz oscillator. The EPROMs should be as close to the NAND drivers as 
possible. 


Figure 
6C. Example 
Clock 
Circuit 
Using 
a 100 MHz Oscillator 


Decoders 
are needed for the systems 
address 
(chip 
select) 
decoding. 
For the 27960KX's 
timings 
we as· 
sumed 
a 5-10 
ns chip select 
decoder 
for 16 MHz 
and 20 MHz frequencies 
and a 5-9 
ns decoder 
for 
25 MHz systems. 
The 
example 
below 
shows 
how 
the 27960K2·25 
tsvch timing was derived. 


@25 MHz the clock cycle is - 40 ns. 
te of the 80960KAlKB 
is 2-18 
ns. 
Decoder 
= 9 ns 
4 ns clock 
skew guard band 


27960K2-25 
tsvch = 40 ns - 
18 ns - 
9 ns - 
4 ns 
= 9 ns 


SYSTEM 
BUFFERING 
CONSIDERATIONS 


For many 
large 
system 
applications 
buffering 
may 
be required 
between 
the microprocessor 
and memo- 
ry devices. 
The 
20 
MHz 
- 
2 WS 
and 
16 MHz 
27960KX 
AC timings 
take this into account. 
For ap- 
plications 
at these 
frequencies 
not requiring 
buffer- 
ing these devices 
will provide 
an additional 
5-10 
ns 
of system 
guard band. 


The list below shows the buffers 
used in generating 
these timings: 


20MHz 
16MHz 


Input 
Buffer 
9 ns 
10 ns 


Output 
Buffer 
5 ns 
7 ns 


The 
20 MHz buffers 
are slightly 
faster 
in keeping 
7 


with 
the 
increased 
sensitivity 
for 
higher 
perform- 
ance. We chose the above 
buffers 
because 
of the r 
wide availability. 
Significantly 
faster buffers are avail- 
able 
for applications 
requiring 
them. 
The 
example 
below shows 
tchqv for the 27960K2-20. 


@20 MHz the clock cycle is - 50 ns. 
tlO of the 80960KA/KB 
is 3 ns. 
Output 
buffer for 20 MHz = 7 ns. 
4 ns clock skew guardband 


27960K2-20 
tchqv = 50 ns - 
7 ns - 
3 ns - 
4 ns 
= 36ns 
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ABSOLUTE 
MAXIMUM 
RATINGS· 


Read Operating 
Temperature 
O·C to + 70·C(8) 


Case Temperature 
under Bias .. -1 O·C to + 80·C(8) 


Storage Temperature 
- 65·C to + 150·C 


All Input or Output Voltages 
- 0.6V to + 6.5V(4) 
with Respect 
to Ground 


Voltage on As 
- 0.6V to + 13.0V(4) 
with Respect 
to Ground 


Vpp Supply Voltage 
- 0.6V to + 14.0V(4) 
with Respect 
to Ground 
vcc Supply Voltage 
-.0.6V 
to + 7.0V(4) 
with Respect 
to Ground 


DC CHARACTERISTICS: 
READ OPERATION 
O·C < TA < +70·C, 
vcc = 5V ± 10%, TIL 
Inputs 


NOTICE: This data sheet contains 
preliminary infor- 


mation on new products in production. The specifica- 
tions are subject to change without notice. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings only. Operation 
beyond 
the 


"Operating 
Conditions" 
is not recommended 
and ex- 
tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Symbol 
Parameter 
Notes 
Mln 
Max 
Unit 
Test Condition 


III 
Input Load Current 
1 
/loA 
VIN = 5.5V 


ILO 
Output 
Leakage Current 
10 
/loA 
VOUT = 5.5V 


Ipp 
Vpp Load Current Read 
10 
/loA 
Vpp = 0 to VCC, PGM = VIH 


ISB 
VCC Standby I Switching 
2 
45 
mA 
CS = VIH, f = 25 MHz 
I Stable 
2 
30 
mA 
CS = VIH 


Ice 
vcc Active Current 
1,3,7 
125 
mA 
CS = VIL, f = 25 MHz, lOUT = 0 mA 


VIL 
Input Low Voltage 
4 
-0.5 
0.8 
V 


VIH 
Input High Voltage 
2.0 
Vcc+t 
V 


VOL 
Output Low Voltage 
0.45 
V 
10L = 2.1 mA 


I 


VOH 
Output High Voltage 
5 
Vcc-0.8 
V 
10H = -100/loA 


5 
2.4 
V 
10H = -400/loA 


'os 
Output Short Circuit 
6 
100 
mA 


" 


NOTES: 
1. Maximum current is with outputs unloaded. 
2. lee standby current assumes no output loading, i.e., 10H = 10L = 0 mA. 
3. tee is the sum of current through VCC3 + VCC4and does not include the current through VCC1and VCC2.(VCC1and 
VCC2supply power to the output drivers. VCC3and VCC4supply power to the rest of the device.) 
4. Minimum DC voltage on input and output pins is -0.5V. 
During transitions, this level may undershoot to -2.0V 
for 


periods less than 20 ns. 
5. Maximum DC voltage on input and output pins is vcc + 0.5V which may overshoot to vcc + 2.0V for periods less than 
20 ns, 
6. One output shorted for no more than one second. 10S is sampled but not 100% tested. 
7. 'cc max measured with a 0.11 J.LF capacitor between VCCand Vss- 
8. This specification defines commercial product operating temperatures. 
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EXPLANATION 
OF AC SYMBOLS 
The fifth character 
represents 
the signal 
level indi- 
cated for the fourth 
character. 
The list below shows 
character 
representations. 


A: 
Address 
R: 
Reset 
B: 
BLAST 
Q: 
Data 
C: 
Clock 
S: 
CS 
H: 
logic 
High level 
t: 
Time 
l: 
ALE/logic 
low 
level 
V: 
Valid 
P: 
Vpp Programming 
Voltage 
Z: 
Tri-state 
level 
X: 
No longer a valid "driven" 
logic level 


The nomenclature 
used for timing parameters 
are as 
per IEEE STD 662-1980 
IEEE Standard 
Terminology 
for Semiconductor 
Memory. 


Each timing 
symbol 
has five characters. 
The first is 
always a "t" (for time). The second 
character 
repre- 
sents a signal name, e.g., (ClK, 
ALE, etc.). The third 
character 
represents 
the signal's 
level (high or low) 
for the signal indicated 
by the second character. 
The 
fourth character 
represents 
a signal name at which a 
transition 
occurs marking the end of the time interval 
being specified. 


AC CHARACTERISTICS: 
READ OPERATION 
O·C < TA < +70·C, vcc = 5V ±10% 


27960K2-25 
27960K1-20 
27960K2-20 
27960K1-16 


Versions 
25MHz 
20MHz 
20MHz 
16MHz 
2 Wait States 
1 Wait State 
2 Wait States 
1 Wait State 
Unit 


No Symbol 
Characteristic 
Notes 
Mln 
Max 
Mln 
Max 
Mln 
Max 
Mln 
Max 


1 
tAVCoH 
Address Valid to 
CLKO 
12 
18 
10 
15 
CLKHigh 
ns 


2 
tAVLH 
Address Valid 
10 
10 
10 
10 
to ALE High 
ns 


3 
tLLLH 
ALE Low to ALE High 
12 
12 
12 
12 
ns 


4 
tLHAX 
ALE High to 
8 
8 
8 
8 
Address Invalid 
ns 


5 
tSVCH 
cs Valid 
1,5 
5 
8 
7 
8 
toCLK High 
ns 


6 
tcNHSX 
CLK High to CS 
2 
0 
0 
0 
0 
Invalid 
ns 


7 
tcHQV 
CLK High to Data Valid 
7 
33 
43 
38 
45 
ns 


8 
tcHQX 
CLK High to Data Invalid 
7 
7 
7 
7 
ns 


9 
tcHQZ 
CLK High to Data High-Z 
6 
30 
35 
35 
35 
ns 


10 tBVCH 
BLAST Valid to 
15 
15 
15 
15 
CLK High 
ns 


11 tcHBX 
CLK High to 
3 
5 
35 
5 
45 
5 
45 
5 
45 
BLAST Invalid 
ns 


NOTES: 
1. Valid signal level is meant to be either a logic high or logic low. 
2. tcNHSX-The subscript N represents the number of wait states for this parameter. CS can be de-asserted (high) after the 
number of wait states (N) has expired. The EPROM will continue to burst out data for the current cycle. 
3. BLAST must be returned high before the next rising clock edge. 
4. The sum of tcHQV + tAVCH+ NCLK will not equal actual tAVQVif independent test conditions are used to obtain tAVCH 
and tcHQV(N = number of wait states). 
5. CS must be deasserted after every burst read (see Figure 7). 
6. Sampled, not 100% tested. The transition is measured ± 500 mV from steady state voltage. 
7. For capacitive loads above 120 pF, tcHQVcan be derated by 1 ns/20 
pF. 
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AC CONDITIONS 
OF TEST 


Input Rise and Fall Times 
(10% to 90%) 
4 ns 


Input Pulse Levels 
0.45V to 2.4V 


Input Timing Reference 
Level 
1.5V 


Output Timing Reference 
Level 
0.8V and 2.0V 


Table 2. Mode Table 


MODE 
CS 
PGM 
BLAST 
ALE 
RESET 
Ag 
Vpp 
Vcc 
OUTPUT 


Read 
VIL 
VIH 
VIH(1) 
VIH(2) 
VIH 
X(4) 
Vcc 
Vcc 
DOUT 


Standby 
(6) 
VIH 
X 
X 
X 
VIH 
X 
VCC<5) 
Vcc 
HighZ 


Program 
VIL 
VIL 
VIH 
VIH(2) 
VIH 
X 
(3) 
(3) 
DIN 


Program Verify 
VIL 
VIH 
VIH(1) 
VIH 
VIH 
X 
(3) 
(3) 
DOUT 


Program Inhibit 
VIH 
X 
X 
X 
VIH 
X 
(3) 
(3) 
HighZ 


ID Byte 0: Manufacturer 
VIL 
VIH 
VIH(1) 
VIH(2) 
VIH 
VID(3) 
Vcc 
Vcc 
89H 


ID Byte 1: Part (27960) 
VIL 
VIH 
VIH(1) 
VIH(2) 
VIH 
VID(3) 
VCC 
Vcc 
EOH 


ID Byte 2: KX 
VIL 
VIH 
VIH(1) 
VIH(2) 
VIH 
VID(3) 
Vcc 
Vcc 
OOB 


ID Byte 3: 1 Wait-State 
VIL 
VIH 
VIH(1) 
VIH(2) 
VIH 
VID(3) 
Vcc 
Vcc 
01B 
2 Wait-States 
10B 


Reset 
X 
X 
X 
X 
VIL 
X 
VCC 
Vcc 
HighZ 


NOTES: 
1. VIH until data terminated 
at which 
time BLAST 
must go to VIL. 


2. Need to toggle 
from VIH to VIL to VIH to latch address. 


3. See DC Programming 
Characteristics 
for vcc. VID and Vpp voltages. 
4. X can be VIL or VIH. 
5. Vpp = vcc to meet standby 
current 
specification. 
Ve~ > Vpp > VIL will cause 
a slight 
increase 
in standby 
current. 


6. The device 
must be in the idle state (by asserting 
RE 
ET or using BLAST) 
before 
going into standby. 
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CAPACITANCE(1) 
TA = 25°C, f = 1.0MHz 


Symbol 
Parameter 
Typ 
Max 
Unit 
Condition 


CIN 
Input Capacitance 
4 
6 
pF 
VIN =OV 


COUT 
Output Capacitance 
12 
15 
pF 
VOUT =OV 


Cvpp 
Vpp Capacitance 
40 
45 
pF 
VIN =OV 


NOTE:· 
1. Sampled, not 100% tested 


AC INPUT/OUTPUT 
REFERENCE 
WAVEFORMS 
AC TESTING 
LOAD CIRCUIT 


2.1V 


1.5V 


TIIjING PARAIjETER 


290237-15 
VOl 


290237-14 
AC test inputs are driven at 2.4V (VOH)for a logic '1' 
and 0.45V (Vou for a logic '0'. 
Input timing begins at 1.5V. 
Output timing ends at VIH (2.0V) and VIL (O.BV) 
Input Rise and fall times (10% to 90%) < 4.0 ns 


For tcHQZCL = 5 pF and RL = 4050 
CL includes jig capacitance 


CLOCK 
CHARACTERISTICS 


Versions 
25MHz 
20MHz 
16MHz 
Units 
Symbol 
Parameter 
Mln 
Max 
Mln 
Max 
Mln 
Max 


ClK 
Period 
40 
50 
62.5 
ns 


T5 
Rise Time 
10 
10 
10 
ns 


, T4 
Fall Time 
10 
10 
10 
ns 


T2 
low 
Time 
7 
8 
11 
ns 


T3 
High Time 
7 
8 
11 
ns 


·Max ClK 
Rise Time during Programming 
is 100 ns 


CLOCK 
WAVEFORM 


!+---CLK----I 
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Program/Program 
Verify 


Initially, and after each erasure, all bits of the 
EPROM are in the "1's" state. Data is introduced by 
selectively programming "O's" into the desired bit 
locations. Although only "O's" can be programmed, 
both "1's" 
and "O's" can be present in the data 
word. Ultraviolet erasure is the only way to change 
liD's" to "1's". 


Program mode is entered when Vpp is raised to 
12.75V. ProgramlVerify operation is synchronous 
with the clock and can only be initiated following an 
idle state. Program and Program Verify take place in 
3 clock cycles. In the first clock cycle, addresses 
and data are input and programming occurs. Pro- 
gram Verify follows in the second clock cycle and 
the third clock cycle terminates synchronous Pro- 
gramlVerify operation, returning the state machine 
to the idle state with outputs at high impedance. 


As in the Read mode, A2-A16 point to a four byte 
block in the memory array. During Programming the 
internal address increment circuitry is disabled and 
the programmer must supply Ao and A1 to point to 
an individual byte within the four byte block that is to 
be programmed. Only one byte is programmed in 
each 3 cycle programlVerify sequence. 


Program Inhibit 


Program Inhibit mode allows parallel programming 
and verification of multiple devices with different 
data. With Vpp at 12.75V, a ProgramlVerify se- 
quence is initiated for any device that receives a val- 
id ALE pulse and rising clock edge while CS is as- 
serted. A PGM pulse programs data in the first cycle 
of the sequence and data for Program Verify is out- 
put in the second cycle. The ProgramlVerify se- 
quence is inhibited on any devices for which CS is 
not asserted during the first (ALE) cycle. Data will 
not be programmed and the outputs will remain in 
their high impedance state. 


inteligent 
IdentifierTM Mode 


The device's manufacturer, product type, and con- 
figuration are stored in a four byte block that can be 


accessed by using the inteligent IdentifierTMmodo. 
The programmer can verify the device identifier and 
choose the programming algorithm that corresponds 
to the Intel 27960KX. The intaligent Identifier can 
also be used to verify that the product is configured 
with the desired Read mode options for wait states. 


Intaligent Identifier mode is entered when As (pin 
32) is raised to its high voltage (VH)level. The inter- 
nal state machine is then set for intaligent Identifier 
Read operation. Reading the Identifier is similar to a 
Read operation on a one wait state configured prod- 
uct. Up to four bytes can be read in a single burst 
access. inteligent ~dentifier read is terminated by a 
synchronous BLA T input, returning the state ma- 
chine to the idle state with outputs at high imped- 
ance. 


The four byte block code for the inteligent Identifier 
code is located at address OOHthrough 03H and is 
encoded as follows: 


MEANING 
(A1,Ao) 
DATA 
IntellD 
Byte 00 
89h 


27960 
Byte 01 
EOh 


KX 
Byte 10 
OOb 


1 wait state 
Byte 11 
01b 


2 wait states 
Byte 11 
I 10b 


RESET 
MODE 


Due to the synchronous nature of the 27960KX, the 
various operating modes must be initiated from a 
known idle state. During normal operation, the inter- 
nal state machine returns to an idle state at the ter- 
mination of a bus access (after BLAST is asserted). 


During initial device power up, the state machine is 
in an indeterminant state. The reset mode is provid- 
ed to force operation in to the idle state. Reset mode 
is entered when the RESET pin is asserted. Output 
pins are asynchronously set to the high impedance 
state and address latches are put into the flow 
through mode. A reset is successfully completed 
and the state machine set in an idle state in the 
cycle after RESET has been asserted tor.a minimum 
of 10 clock cycles and deasserted for five clock cy- 
cles. 
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INCREMENT ADDRESS 


Figure 8~Quick-Pulse 
Programming™ 
Algorithm 
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ERASURE 
CHARACTERISTICS 
(FOR WINDOWED 
DEVICES) 


Exposure to light of wavelength shorter than 4000 
Angstroms begins erasure. Sunlight and some fluo- 
rescent lamps have wavelengths in the 3000-4000 
Angstrom range. Constant exposure to room-level 
fluorescent light can erase the EPROM array in 
about 3 years (about 1 week for direct sunlight). 
Opaque labels over the window will prevent uninten- 
tional erasure under these lighting conditions. 


The recommended erasure procedure is exposure 
to 2537 Angstrom ultraviolet light. The minimum in- 
tegrated erasure time using a 12000 fWIcm2 ultravi- 
olet lamp is approximately 15 to 20 minutes. The 
EPROM should be placed about 1 inch from the 
lamp. The maximum integrated dose is 7258 Wsecl 
cm2 (1 week @ 12000 fW/cm2). 
High intensity UV 
light exposure for longer periods can cause perma- 
nent damage. 


QUICK-PULSE 
PROGRAMMING 
ALGORITHM 


The Quick-Pulse Programming algorithm programs 
Intel's 27960KX. Developed to substantially reduce 


programming throughput time, this algorithm allows 
optimized equipment to program a 27960KX in un- 
der 17 seconds. Actual programming time depends 
on the programmer used. 


The Quick-Pulse Programming algorithm uses a 
100 /ks pulse followed by a byte verfication to deter- 
mine when the addressed byte is correctly pro- 
grammed. The algorithm terminates if 25 100/ks 
pulses fail to program a byte. Figure 8 shows the 
27960KX Quick-Pulse Programming algorithm flow- 
chart. 


The entire program-pulse, byte-verify sequence is 
performed with vcc = 6.25V and Vpp = 12.75V. 
The programming equipment must establish vcc be- 
fore applying voltages to any other pins. When pro- 
gramming is complete, all bytes should be compared 
to the original data with vcc = 5.0V and Vpp = 
12.75V. 


D.C. PROGRAMMING 
CHARACTERISTICS 
TA = 25°C + 5°C 
- 


Symbol 
Parameter 
Notes 
Mln 
Max 
Unit 
Test Condition 


III 
Input Load Current 
10 
/kA 
VIN = VIHor Vll 


Icc 
vcc Program Current 
1 
125 
mA 
CS = Vll 


Ipp 
Vpp Program Current 
1 
50 
mA 
CS = vn. 


Vu. 
Input Low Voltage 
-0.5 
0.8 
V 


VIH 
Input High Voltage 
2.0 
Vcc+0.5 
V 


VOl 
Output Low Voltage (Verify) 
0.40 
V 
IOL= 2.1 mA 


VOH 
Output High Voltage (Verify) 
Vcc-0.8 
V 
IOH= - 400 /kA 


VID 
A9 inteligent Identifier Voltage 
11.5 
12.5 
V 


Vcc 
Supply Voltage (Program) 
2 
6.0 
6.5 
V 


Vpp 
Program Voltage 
2 
12.5 
13.0 
V 


NOTES: 
1. The maximum 
current 
value 
is with outputs 
unloaded. 


2. vcc must be applied 
simultaneously 
or before 
Vpp and remove 
simultaneously 
or after Vpp. 


3. During programming 
clock 
levels 
are VIH and VIL. 
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10 
tcHBx 
Ol.K High to BLAST Invalid 
4 
50 
ns 


11 
taVPl 
DATA Valid to PGM low 
2 
,...s 


12 
tplPH 
PGM Program Pulse Width 
95 
105 
,...s 


13 
tpHQX 
PGM High to DIN Invalid 
2 
,...s 


14 
tclPl 
Cl.K low 
to PGM low 
50 
ns 


15 
taZCH 
DIN in Tri-State 
to Cl.K High 
2 
,...s 


16 
tvcs 
vcc Program Voltage to Cl.K High 
7 
2 
,...s 


17 
tvps 
VPP Program Voltage to Cl.K High 
7 
2 
,...s 


18 
tAQHCH 
Ag VID Voltage to CtK High 
2 
,...s 


19 
tcHAQX 
Cl.K High to A9 not VID Voltage 
2 
,...s 


20 
tRVCH 
RESET Va'lid to Cl.K High 
6 
50 
ns 


21 
tcHCl 
Cl.K High to Cl.K low 
5 
100 
ns 


22 
tclCH 
Cl.K low 
to Cl.K High 
5 
100 
ns 


NOTES: 
1. If cs is low, ACE can go low no sooner than the falling edge of the previous ClK. 
,2. ALE must return high prior to the next rising edge of clock. 
3. CS must remain low until after the rising edge ClK1. 
4. BLAST must return high prior to the next rising edge of ClK. 
5. Max ClK rise/fall time is 100 ns. 
6. RESET must be held low for 10 cycles and high for 5 cycles before performing a read: 
7. vcc must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 
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82596CA 
HIGH-PERFORMANCE 
32-BIT LOCAL 
AREA NETWORK COPROCESSOR 
• Performs Complete CSMAICD Medium 
• Optlmized CPU Interface 
Access Control (MAC) Functions- 
- 
Optimized Bus Interface to Intel's 
Independently 
of CPU 
1486TMand 80960CA Processors 
-IEEE 
802.3 (EOC) Frame Delimiting 
- 
Supports Big Endian and Little 
- 
HDLC Frame Delimiting 
Endian Byte Ordering 
• Supports Industry Standard LANs 
• 32-Bit Bus Master Interface 
-IEEE 
TYPE 10BASE5 (Ethernet*), 
-106 
MBls Bus Bandwidth 
IEEE TYPE 10BASE2 (Cheapernet), 
- 
Burst Bus Transfers 
IEEE TYPE lBASE5 (StarLAN), 
- 
Bus Throttle Timers 
and the Proposed Standards 
- 
Transfers Data at 100% of Serial 
TYPE 10BASE-T and 10BASE-F 
Bandwidth 
- 
Proprietary 
CSMAlCD Networks Up 
-128-Byte 
Receive FIFO, 64-Byte 
to 20 Mbls 
Transmit FIFO 
• On-Chip Memory Management 
• Self-Test Diagnostics 
- 
Automatic 
Buffer Chaining 
• Configurable 
Initialization 
Root for Data 
- 
Buffer Reclamation after Receipt of 
Structures 
Bad Frames; Optional Save Bad 
Frames 
• High-Speed, 5V, CHMOS** IV 
- 
32-Bit Segmented or Linear (Flat) 
Technology 
Memory Addressing 
Formats 
• 132-Pin Plastic Quad Flat Pack (PQFP) 
• Network Management and Diagnostics 
and PGA Package 
- 
Monitor Mode 
(See Packaging 
Spec 
Order 
No. 231369) 
- 
32-Bit Statistical Counters 
i486 is a trademark 
of Intel Corporation. 
• 82586 Software Compatible 
·Ethernet 
is a registered 
trademark 
of Xerox 
Corporation. 


"CHMOS 
is a patented 
process 
of Intel Corporation. 
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INTRODUCTION 


82596CA 


The 82596CA is an intelligent, high-performance 
32-bit 
Local 
Area 
Network 
coprocessor. 
The 
82596CA implements the CSMAlCD access method 
and can be configured to support all existing IEEE 
802.3 
standards-TYPEs 
10BASE5, 
10BASE2, 
1BASE5, and 10BROAD36. It can also be used to 
implement the proposed standards TYPE 10BASE-T 
and 10BASE-F. The 82596CA performs high-level 
commands, command chaining, and interprocessor 
communications via shared memory, thus relieving 
the host CPU of many tasks associated with network 
control. All time-critical functions are performed in- 
dependently of the CPU, this increases network per- 
formance and efficiency. The 82596CA bus interfac- 
es is optimized for Intel's i486™, 80960CA, and 
80960KB processors. 


The 82596CA implements all IEEE 802.3 Medium 
Access Control and channel interface functions, 
these include framing, preamble generation and 
stripping, source address generation, destination ad- 
dress checking, short-frame detection, and automat- 
ic length-field handling. Data rates up to 20 Mb/s are 
supported. 


The 82596CA provides a powerful host system inter- 
face. It manages memory structures automatically, 
with command chaining and bidirectional data chain- 
ing. An on-chip DMA controller manages four chan- 
nels, this allows autonomous transfer of data blocks 
(buffers and frames) and relieves the CPU of byte 
transfer overhead. Buffers containing errored or col- 
lided frames can be automatically recovered without 
CPU intervention. The 82596CA provides an up- 
grade path for existing 82586 software drivers by 
providing an 82586-software-compatible mode that 
supports the current 82586 memory structure. The 
82586CA also has a Flexible memory structure and 
a Simplified memory structure. The 82596CA can 
address up to 4 gigabytes of memory. The 82596CA 
supports Little Endian and Big Endian byte ordering. 


The 82596CA bus interface can achieve a burst 
transfer rate of 106 MB/s at 33 MHz. The bus inter- 


face 
employs 
bus 
throttle 
timers 
to 
regulate 
82596CA bus use. Two large, independent FIFOs- 
128 bytes for Receive and 64 bytes for Transmit- 
tolerate long bus latencies and provide programma- 
ble thresholds that allow the user to optimize bus 
overhead for any worst-case bus latency. The high- 
performance bus is capable of back-to-back trans- 
mission and reception during the IEEE 802.3 9.6-J..Ls 
Interframe Spacing (IFS) period. 


The B2596CA provides a wide range of diagnostics 
and network management functions, these include 
internal and external loopback, exception condition 
tallies, channel activity indicators, optional capture 
of all frames regardless of destination address 
(promiscuous mode), optional capture of errored or 
collided frames, and time domain reflectometry for 
locating fault points on the network cable. The sta- 
tistical counters, in 32-bit segmented and linear 
modes, are 32-bits each and include CRC errors, 
alignment errors, overrun errors, resource errors, 
short frames, and received collisions. The 82596CA 
also features a monitor mode for network analysis. 
In this mode the B2596CA can capture status bytes, 
and update statistical counters, of frames monitorecl 
on the link without transferring the contents of the 
frames to memory. This can be done concurrently 
while transmitting and receiving frames destined for 
that station. 


The 82596CA can be used in both baseband and 
broadband networks. It can be configured for maxi- 
mum network efficiency (minimum contention over- 
head) with networks of any length. Its highly flexible 
CSMAlCD unit supports address field lengths of 
zero through six bytes-configurable 
to either IEEE 
802.3/Ethernet or HDLC frame delimitation. It also 
supports 16- or 32-bit cyclic redundancy checks. 
The CRC can be transferred directly to memory for 
receive operations, or dynamically inserted for trans- 
mit operations. The CSMAlCD unit can also be con- 7 
figured for full duplex operation for high throughput 
in point-to-point connections. 


The 82596CA is fabricated with Intel's reliable, 5-V, 
CHMOS IV technology. It is available in a 132-pin 
PQFP or PGA package. 
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Address 
Data 
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Serial 
Vcc 
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Interface 


Signal 
PinNo. 
Signal 
PinNo. 
Signal 
PinNo. 
Signal 
PinNo. 
PinNo. 
PinNo. 


A2 
N9 
DO 
J2 
ADS 
M5 
COT 
A13 
B6 
A6 
A3 
M9 
01 
H3 
AHOLO 
N5 
CAS 
A14 
B7 
A7 
A4 
M10 
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G2 
BEO 
M7 
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C11 
B10 
A8 
A5 
P11 
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G3 
BE1 
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C13 
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A6 
N11 
04 
G1 
BE2 
M8 
RTS 
C10 
E2 
E1 
A7 
P12 
05 
01 
BE3 
P9 
Axe 
B11 
E13 
E14 
A8 
M11 
06 
C1 
BLAST 
N2 
RxO 
B12 
F2 
F1 
A9 
N12 
07 
F3 
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N6 
TxC 
C12 
G13 
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, 
09 
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J1 
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K1 
A15 
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PIN DESCRIPTIONS 


PQFP 
~ 


Symbol 
Pin No. 
Type 
Name and Function 


ClK 
9 
I 
CLOCK. The system clock input provides the fundamental 
timing for 
the 82596. It is a 1X ClK 
input used to generate 
the 82596 clock and 
requires TTl 
levels. All external timing parameters 
are specified 
in 
reference 
to the rising edge of ClK. 


00-031 
14-53 
1/0 
DATA BUS. The 32 Oata Bus lines are bidirectional, 
tn-state 
lines that 
provide the general purpose data path between 
the 82596 and 


10 
memory. With the 82596 the bus can be either 16 or 32 bits wide; this 
is determined 
by the BS16 signal. The 82596 always drives all 32 data 
lines during Write operations, 
even with a 16-bit bus. 031 - 00 are 
floated 
after a Reset or when the bus is not acquired. 
These lines are inputs during a CPU Port access; 
in this mode the CPU 
writes the next address to the 82596 through the data lines. Ouring 
PORT commands 
(Relocatable 
SCP, Self-Test, 
Reset and Oump) the 


r' 
address must be aligned to a 16-byte boundary. 
This frees the 03-00 
, 
~ 
lines so they can be used to distinguish 
the commands. 
The following 
is a summary of the decoding 
data. 
, 
DO 
D1 
D2 
D3 
D31-D4 
Function 


, 
0 
0 
0 
0 
0000 
Reset 


0 
1 
0 
0 
AOOR 
Relocatable 
SCP 
1 
0 
0 
0 
AOOR 
Self·Test 
1 
1 
0 
0 
AOOR 
Oump Command 


OPO-OP3 
4-7 
1/0 
DATA PARITY. These are tri-statsd data parity pins. There is one 
parity line for each byte of the data bus. The 82596 drives them with 
even-parity 
information 
during write operations 
having the same timing 
as data writes. Likewise, even-parity 
information, 
with the same timing 
as read information, 
must be driven back to the 82596 over these pins 
to ensure that the correct 
parity check status is indicated 
by the 
82596. 


PCHK 
127 
0 
,PARITY 
CHECK. This pin is driven high one clock after ROY to inform 
Read operations 
of the parity status of data sampled 
at the end of the 
previous 
clock cycle. When driven low it indicates 
that incorrect 
parity 
data has been sampled. 
It only checks the parity status of enabled 
I'" 
bytes, which are indicated 
by the Byte Enable and Bus Size Signals. 


PCHK is only valid for one clock time after data read is returned 
to the 
82596; i.e., it is inactive 
(high) at all other times. 


A31-A2 
7008 
0 
ADDRESS 
LINES. These 30 tri-stated 
Address 
lines output the 
address bits required for memory operation. 
These lines are floated 
after a Reset or when the bus is not acquired. 


BE3-BEO 
109-114 
0 
BYTE ENABLE. These tri-stated 
signals are used to indicate which 
bytes are involved with the current memory access. The number of 
Byte Enable signals asserted 
indicates 
the physical size of the data 
being transferred 
(1, 2, 3, or 4 bytes). 
• BEO indicates 
07-00 
• BE1 indicates 
015-08 
• BE2 indicates 
023-016 
• BE3 indicates 
031-024 
These lines are floated 
after a Reset or when the bus is not acquired. 


W/R 
120 
0 
WRITE(READ. 
This dual function 
pin is used to distinguish 
Write and 
Read cycles. This line is floated 
after a Reset or when the bus is not 
acquired. 
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PIN DESCRIPTIONS 
(Continued) 


Symbol 
PQFP 
Type 
Name and Function 
PlnNo. 


ADS 
124 
0 
ADDRESS 
STATUS. 
The 82596 uses this tri-state 
pin to indicate to 
indicate that a valid bus cycle has begun and that A31-A2, 
BE3-BEO, 


and W/A are being driven. It is asserted 
during t1 bus states. This line 
is floated 
after a Reset or when the bus is not acquired. 


RDY 
130 
I 
READY. Active low. This signal is the acknowledgment 
from 
addressed 
memory that the transfer 
cycle can be completed. 
When 
high, it causes wait states to be inserted. 
It is ignored at the end of the 
first clock of the bus cycle's 
data cycle. This active-Iow 
signal does not 


have an internal pull-up resistor. This signal must meet the setup and 
hold times to operate 
correctly. 


BRDY 
2 
I 
BURST READY. Active low. Burst Ready, like RDY, indicates 
that the 
external system has presented 
valid data on the data pins in response 
to a Read, or that the external 
system has accepted 
the 82596 data in 
response 
to a Write request. Also, like RDY, this signal is ignored at 
the end of the first clock in a bus cycle. If the 82596 can still receive 
data from the previous 
cycle, ADS will not be asserted 
in the next 
clock cycle; however, 
Address 
and Byte Enable will change to reflect 
the next data item expected 
by the 82596. BRDY will be sampled 
during each succeeding 
clock and if active, the data on the pins will be 
strobed to the 82596 or to external 
memory 
(read/write). 
BRDY 
operates 
exactly like READY during the last data cycle of a burst 
sequence 
and during nonburstable 
cycles. 


BLAST 
128 
0 
BURST LAST. A signal (active low) on this tri-state 
pin indicates 
that 
the burst cycle is finished 
and when BRDY is next returned 
it will be 
treated 
as a normal ready; i.e., another set of addresses 
will be driven 
with ADS or the bus will go idle. BLAST is not asserted 
if the bus is not 


acquired. 


AHOLD 
117 
I 
ADDRESS 
HOLD. This hold signal is active high., it allows another 
bus 
master to access the 82596 address bus. In a system where an 82596 
and an i486 processor 
share the local bus, AHOLD allows the cache 
controller 
to make a cache invalidation 
cycle while the 82596 holds the 
address lines. In response 
to a signal on this pin, the 82596 
immediately 
(Le. during the next clock) stops driving the entire address 
bus (A31-A2); 
the rest of the bus can remain active. For example, 


data can be returned 
for a previously 
specified 
bus cycle during 
Address 
Hold. The 82596 will not begin another 
bus cycle while 
AHOLD 
is active. 


BOFF 
116 
I 
BACKOFF. 
This signal is active low, it informs the 82596 that another 
bus master requires access to the bus before the 82596 bus cycle 
completes. 
The 82596 immediately 
(Le. durio 
g the next clock) floats its 
bus. Any data returned 
to the 82596 while B 
FF is asserted 
is ignored. 


BOFF has higher priority than RDY or BRDY; if two such signals are 
returned 
in the same clock period, BOFF is given preference. 
The 
82596 remains in Hold until BOFF goes high, then the 82596 resumes 
its bus cycle by driving out the address and status, and asserting 
ADS. 


LOCK 
126 
0 
LOCK. This tri-state 
pin is used to distinguish 
locked and unlocked 
bus 
cycles. LOCK generates 
a semaphore 
handshake 
to the CPU. LOCK 
can be active for several memory cycles, it goes active during the first 
locked memory cycle (t1) and goes inactive at the last locked cycle 
(t2). This line is floated 
after a Reset or when the bus is not acquired. 
LOCK can be disabled 
via the sysbus byte in software. 
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PIN DESCRIPTIONS 
(Continued) 


Symbol 
PQFP 
Type 
Name and Function 
Pin No. 


BS16 
129 
I 
BUS SIZE. This signal allows the 82596CA 
to work with either 16- or 
32-bit bytes. Inserting 
BS16 low causes the 82596 to perform 
two 16- 
bit memory accesses 
when transferring 
32-bit data. In little endian 
mode the 015-00 
lines are driven when BS16 is inserted, 
in Big 
Endian mode the 031-016 
lines are driven. 


HOLD 
123 
0 
HOLD. The HOLD signal is active high, the 82596 uses it to request 
local bus mastership. 
In normal operation 
HOLD goes inactive before 
HLDA. The·82596 
can be forced off the bus by deasserting 
HLDA or if 
the bus throttle 
timers expire. 


HLDA 
118 
I 
HOLD ACKNOWLEDGE. 
The HLDA signal is active high, it indicates 
that bus mastership 
has been given to the 82596. HLDA is internally 
synchronized; 
after HOLD is detected 
low, the CPU drives HLDA low. 


NOTE 
I' 
Do not connect 
HLOA to Vcc-it 
will cause a deadlock. 
A user wanting 


1; 
to give the 82596 permanent 
access to the bus should connect 
HLDA 
to HOLD. If HLDA goes inactive before HOLD, the 82596 will release 
the bus (by deasserting 
HOLD) within a maximum 
of within a specified 
number of bus cycles as specified 
in the 82596 User's Manual. 


BREQ 
115 
I 
BUS REQUEST. 
This signal, when con figured to an externally 
activated 
mode, is used to trigger the bus throttle 
timers. 


PORT 
3 
I 
PORT. When this signal is received, 
the 82596 latches the data on the 
data bus into an internal 32-bit register. When the CPU is asserting 
this 
signal it can write into the 82596 (via the data bus). This pin must be 
activated 
twice during all CPU Port access commands. 


RESET 
69 
I 
RESET. This active high, internally 
synchronized 
signal causes the 
82596 to terminate 
current activity. The signal must be high for at least 
five system clock cycles. After five system clock cycles and four TxC 
clock cycles the 82596 will execute a Reset when it receives 
a high 
RESET signal. When RESET returns to low the 82596 waits for the 
first CA signal and then begins the initialization 
sequence. 


LE/BE 
65 
I 
LITTLE ENDIAN/BIG 
ENDIAN. This dual-function 
pin is used to 
select byte ordering. 
When LE/BE 
is h.igh, little endian byte ordering 
is 
used; when low, big endian byte ordering 
is used for data in frames 
(bytes) and for control 
(SCB, RFD, CBL, etc). 


CA 
119 
I 
CHANNEL 
ATTENTION. 
The CPU uses this pin to force the 82596 to 
begin executing 
memory resident Command 
blocks. The CA signal is 
internally 
synchronized. 
The signal must be high for at least one 
system clock. It is latched internally 
on the high to low edge and then 
detected 
by the 82596. 
The first CA after a Reset forces the 82596 into the initialization 
sequence 
beginning 
at location 
00FFFFF6h 
or an SCP address written 
to the 82596 using CPU Port access. All subsequent 
CA signals cause 
the 82596 to begin executing 
new command 
sequences 
from the SCB. 


INT/INT 
125 
0 
INTERRUPT. 
A high signal on this pin notifies the CPU that the 82596 
is requesting 
an interrupt. This signal is an edge triggered 
interrupt 
signal, and can be configured 
to be active high or low. 
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(Continued) 
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Symbol 
PQFP 
Type 
Name and Function 
Pin No. 


Vcc 
18 Pins 
POWER. 
+5V 
±10%. 


Vss 
18 Pins 
GROUND.OV. 


TxD 
54 
0 
TRANSMIT 
DATA. This pin transmits 
data to the serial link. It is high 
when not transmitting. 


TxC 
64 
I 
TRANSMIT 
CLOCK. This signal provides the fundamental 
timing for 
the serial subsystem. 
The clock is also used to transmit 
data 
synchronously 
on the TxD pin. For NRZ encoding, 
data is transferred 
to the TxD pin on the high to low clock transition. 
For Manchester 
encoding, 
the transmitted 
bit center is aligned with the low to high 
transition. 
Transmit 
clock must always be running for proper device 
operation. 


LPBK 
58 
0 
LOOPBACK. 
This TTL-Ievel 
control 
signal enables the loopback 
mode. In this mode serial data on the TxD input is routed through 
the 
82C501 internal circuits and back to the RxD output without 
driving the 
transceiver 
cable. To enable this signal, both internal and external 
loop back need to be set with the Configure 
command. 


RxD 
60 
I 
RECEIVE 
DATA. This pin receives 
NRZ serial data only. It must be 
high when not receiving. 


RxC 
59 
I 
RECEIVE 
CLOCK. This signal provides 
timing information 
to the 
internal shifting logic. For NRZ data the state of the RxD pin is 
sampled 
on the high to low transition 
of the clock. 


RTS 
57 
0 
REQUEST 
TO SEND. When this signal is low the 82596 informs the 
external 
interface 
that it has data to transmit. 
It is forced high after a 
Reset or when transmission 
is stopped. 


CTS 
62 
I 
CLEAR TO SEND. An active-Iow 
signal that enables the 82596 to 
send data. It is normally 
used as an interface 
handshake 
to RTS. 
Asserting 
CTS high stops transmission. 
CTS is internally 
synchronized. 
If CTS goes inactive, 
meeting the setup time to the TxC negative 
edge, 
the transmission 
will stop and RTS will go inactive within, at most, two 
TxCcycles. 


CAS 
63 
I 
CARRIER 
SENSE. This signal is active low, it is used to notify the 
82596 that traffic is on the serial link. It is only used if the 82596 is 
configured 
for external Carrier Sense. In this configuration 
external 
circuitry is required for detecting 
traffic on the serial link. CRS is 
internally 
synchronized. 
To be accepted, 
the signal must remain active 
for at least two serial clock cycles (for CRSF = 0). 


CDT 
61 
I 
COLLISION 
DETECT. 
This active-Iow 
signal informs the 82596 that a 
collision 
has occurred. 
It is only used if the 82596 is configured 
for 
external 
Collision 
Detect. External circuitry 
is required for collision 
detection. 
CDT is internally 
synchronized. 
To be accepted, 
the signal 


: 
must remain active for at least two serial clock cycles (for CDTF = 0). 
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82596 AND HOST CPU INTERACTION 
82596 BUS INTERFACE 


The 82596CA and the 
host CPU communicate 
through shared memory. Because of its on-chip 
DMA capability, the 82596 can make data block 
transfers (buffers and frames) independently of the 
CPU; this greatly reduces the CPU byte transfer 
overhead. 


The 82596 is a multitasking coprocessor that com- 
prises two independent logical units-the 
Command 
Unit (CU) and the Receive Unit (RU). The CU exe- 
cutes commands from shared memory. The RU han- 
dles all activities related to frame reception. The in- 
dependence of the CU and RU enables the 82596 to 
engage in both activities simultaneously-the 
CU 
can fetch and execute commands from memory 
while the RU is storing received frames in memory. 
The CPU is only involved with this process after the 
CU has executed a sequence of commands or the 
RU has finished storing a sequence of frames. 


The CPU and the 82596 use the hardware signals 
Interrupt (INT) and Channel Attention (CA) to initiate 
communication 
with 
the 
System 
Control 
Block 
(SCB),see Figure 4. The 82596 uses INT to alert the 
CPU of a change in the contents of the SCB, the 
CPU uses CA to alert the 82596. 


The 82596 has a CPU Port Access state that allows 
the CPU to execute certain functions without ac- 
cessing memory. The 82596 PORT pin and data bus 
pins are used to enable this feature. The CPU can 
directly activate four operations when the 82596 is in 
this state. 


• Write an alternative System Configuration Pointer 
(SCP).This can be used when the 82596 cannot 
use the default SCP address space. 


• Write a different Dump Command Pointer and ex- 
ecute Dump. This can be used for troubleshoot- 
ing No Response problems. 


• The CPU can reset the 82596 via software with- 
out disturbing the rest of the system. 


• A self-test can be used for board testing; the 
82596 will execute a self-test and write the re- 
sults to memory. 


The 82596CA has bus interface timings and pin defi- 
nitions that are compatible with Intel's 32-bit i486 
microprocessor. This eliminates the need for addi- 
tional bus interface logic. Operating at 33 MHz, the 
82596's bus bandwidth can be as high as 106 MB/s. 
Since Ethernet only requires 1.25 MB/s, this leaves 
a considerable amount of bandwidth for the CPU. 
The 82596 also has a bus throttle to regulate its use 
of the bus. Two timers can be programmed through 
the SCB: one controls the maximum time the 82596 
can remain on the bus, the other controls the time 
the 82596 must stay off the bus (see Figure 5). TI1e 
bus throttle can be programmed to trigger internally 
with HLDA or externally with BREQ. These timers 
can restrict the 82596 HOLD activation time and im- 
prove bus utilization. 


82596 MEMORY 
ADDRESSING 


The 82596 has a 32-bit memory address range, 
which allows addressing up to four gigabytes of 
memory. The 82596 has three memory addressing 
modes (see Table 1). 
• 82586 Mode. The 82596 has a 24-bit memory 
address range. The System Control Block, Com- 
mand List, Receive Descriptor List, and Buffer 
Descriptors must reside in one 64-KB memory 
segment. Transmit and Receive buffers can re- 
side in a 24-bit address space. 


• 32-Bit Segmented Mode. The 82596 has a 3:2- 


bit memory address range. The System Control 
Block, Command List, Receive Descriptor List, 
and Buffer Descriptors must reside in one 64-KB 
memory segment. Transmit and Receive buffers 
can reside in a 32-bit address space. 


• Linear Mode. The 82596 has a 32-bit memory 
address range. Any memory structure can reside 
anywhere within 
the 
32-bit memory address 
range. 
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Figure 
4. 82596 and Host CPU Intervention 
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. 
Figure 
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Table 
1.82596 
Memory 
Addressing 
Formats 


Operation 
Mode 
. 


Pointer 
or Offset 
82586 
32·Blt 
linear 
Segmented 


I 
ISCP Address 
24-Bit Linear 
32-Bit Linear 
32-Bit Linear 


SCB Address 
Base (24) + Offset(16) 
Base (32) + Offset (16) 
32-Bit Linear 


Command 
Block Pointers 
Base (24) + Offset (16) 
Base (32) + Offset (16) 
32-Bit Linear 


Rx Frame Descriptors 
Base (24) + Offset (16) 
Base (32) + Offset (16) 
32-Bit Linear 


Tx Frame Descriptors 
Base (24) + Offset (16) 
Base (32) + Offset (16) 
32-Bit Linear 


Rx Buffer Descriptors 
Base (24) + Offset (16) 
Base (32) + Offset(16) 
32-Bit Linear 


Tx Buffer Descriptors 
Base (24) + Offset (16) 
Base (32) + Offset (16) 
32-Bit Linear 


Rx Buffers 
24-Bit Linear 
32-Bit Linear 
32-Bit Linear 


Tx Buffers 
24-Bit Linear 
32-Bit Linear 
32-Bit Linear 
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Figure 6. 82596 Shared Memory 
Structure 


The Shared Memory structure consists of four parts: 
the Initialization Root, the System Control Block, the 
Command List, and the Receive Frame Area (see 
Figure 6). 


The Initialization Root is in an established location 
known to the host CPU and the 82596 (OOFFFFF6h). 
However, the CPU can establish the Initialization 
Root in another location by using the CPU Port ac- 
cess. This root is accessed during initialization, and 
points to the System Control Block. 


The System Control Block serves as a bidirectional 
mail drop for the host CPU and the 82596 CU and 
RU. It is the central point through which the CPUand 
the 82596 exchange control and status information. 
The SCB has two areas. The first contains instruc- 
tions from the CPU to the 82596. These include: 
control of the CU and RU (Start, Abort, Suspend, 
and Resume), a pointer to the list of CU commands, 
a pointer to the Receive Frame Area, a set of Inter- 
rupt Acknowledge bits, and the T-ON and T-OFF 
timers for the bus throttle. The second area contains 
status information the 82596 is sending to the CPU. 
Such as, the CU and RU states 
(Idle, Active 
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Ready, Suspended, No Receive Resources, etc.), in- 
terrupt bits (Command Completed, Frame Received, 
CU Not Ready, and RU Not Ready), and statistical 
counters. 


The Command List functions as a program for the 
CU; individual commands are placed in memory 
units called Command Blocks (CBs). These CBs 
contain the parameters and status of specific high- 
level commands called Action Commands; e.g., 
Transmit or Configure. 


Transmit causes the 82596 to transmit a frame. The 
Transmit CB contains the destination address, the 
length field, and a pointer to a list of linked buffers 
holding the frame that is to be constructed from sev- 
eral buffers scattered 
throughout 
memory. The 
Command Unit operates without CPU intervention; 
the DMA for each buffer, and the prefetching of ref- 
erences to new buffers, is performed in parallel. The 
CPU is notified only after a transmission is complete. 


The Receive Frame Area is a list of Free Frame De- 
scriptors (descriptors not yet used) and a list of user- 
prepared buffers. Frames arrive at the 82596 unso- 
licited; the 82596 must always be ready to receive 
and store them in the Free Frame Area. The Re- 
ceive Unit fills the buffers when it receives frames, 
and reformats the Free Buffer List into received- 
frame structures. The frame structure is, for all prac- 
tical purposes, identical to the format of the frame to 
be transmitted. The first Frame descriptor is refer- 
enced by the SCB. Unless the 82596 is configured 
to Save Bad Frames, the frame descriptor, and the 
associated buffer descriptor, which is wasted when 
a bad frame is received, are automatically reclaimed 
and returned to the Free Buffer List. 


Receive buffer chaining (storing incoming frames in 
a linked buffer list) significantly improves memory 
utilization. Without buffer chaining, the user must al- 
locate consecutive blocks of memory, each capable 
of containing a maximum frame (for Ethernet, 1518 
bytes). Since an average frame is about 200 bytes, 
this is very inefficient. With buffer chaining, the user 
can allocate small buffers and the 82596 will only 
use those that are needed. 


Figure 7 A-D 
illustrates how the 82596 uses the 
Receive Frame Area. Figure 7A shows an unused 
Receive Frame Area composed of Free Frame De- 
scriptors and Free Receive Buffers prepared by the 
user. The SCB points to the first Frame Descriptor of 
the Frame Descriptor List. Figure 7B shows the 
same Receive Frame Area after receiving one 
frame. This first frame occupies two Receive Buffers 
and one Frame Descriptor-a 
valid received frame 
will only occupy one Frame Descriptor. After receiv- 


ing this frame the 82596 sets the next Free Frame 
Descriptor RBD pointer to the next Free RBD. Figure 
7C shows the RFA after receiving a second frame. 
In this example the second frame occupies only one 
Receive Buffer and one RFD. The 82596 again sets 
the RBD pointer. This process is repeated again in 
Figure 7D, showing the reception of another frame 
using one Receive Buffer; in this example there is an 
extra Frame Descriptor. 


TRANSMIT 
AND RECEIVE 
MEMORY 
STRUCTURES 


There are three memory structures for reception and 
transmission. The 82586 memory structure, the 
Flexible memory structure, and the Simplified memo- 
ry structure. The 82586 mode is selected by config- 
uring the 82596 during initialization. In this mode all 
the 82596 memory structures are compatible with 
the 82586 memory structures. 


When the 82596 is not configured to the 82586 
mode, the other two memory structures, Simplified 
and Flexible, are available for transmitting and re- 
ceiving. These structures can be selected on a 
frame-by-frame basis by setting the S/F 
bit in the 
Transmit Command and the Receive Frame De- 
scriptor (see Figures 29, 30, 41, and 42). The Simpli- 
fied memory structure offers a simple structure for 
ease of programming (see Figure 8). All information 
about a frame is contained in one structure; for ex- 
ample, during reception the RFD and data field are 
contained in one structure. 


The Flexible memory structure (see Figure 9) has a 
control field that allows the programmer to specify 
the amount of receive data the HFD will contain for 
receive operations and the amount of transmit data 
the Transmit Command Block will contain for trans- 
mit operations. For example, when the control field 
in the RFD is set to 20 bytes during a reception, the 
first 20 bytes of the data field are stored in the RFD 
(6 bytes of destination address, 6 bytes of source 
address, 2 bytes of length field, and 6 bytes of data) 
and the remainder of the data field is stored in the 
Receive Data Buffers. This is useful for capturing 
frame headers when header information is con- 
tained in the data field. The-header information can 
then be automatically stored in the RFD partitioned 
from the Receive Data Buffer. 


The control field can also be used for the Transmit 
Command when the Flexible memory structure is 
used. The quantity of data field bytes to be transmit- 
ted from the Transmit Command Block is specified 
by the variable control field. 
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Figure 7. Frame Reception in the RFA 
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Figure 8. Simplified 
Memory 
Structure 
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Figure 9. Flexible 
Memory 
Structure 
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The 82596 executes high-level Action Commands 
from the Command List in system memory. Action 
Commands are fetched and executed in parallel with 
the host CPU operation, thereby significantly improv- 
ing system performance. The format of the Action 
Commands is shown in Figure 10. Figure 28 shows 
the 82586 mode, and Figures 29 and 30 show the 
command formats of the Linear and 32-bit Segment- 
ed modes. 


A single Transmit command contains, as part of the 
command-specific parameters, the destination ad- 
dress and length field of the transmitted frame and a 
pointer to buffer area in memory containing the data 
portion of the frame. The data field is contained in a 
memory data structure consisting of a buffer de- 
scriptor (BD) and a data buffer-or 
a linked list of 
buffer descriptors and buffers-as 
shown in Figure 
11. 


Multiple data buffers can be chained together using 
the BOs. Thus, a frame with a long data field can be 
transmitted 
using several (shorter) data buffers 
chained together. This chaining technique allows the 
system designer to develop efficient buffer manage- 
ment. 


The 82596 automatically generates the preamble 
(alternating 1s and Os) and start frame delimiter, 
fetches the destination address and length field from 
the Transmit command, inserts its unique address 
as the source address, fetches the data field speci- 
fied by the Transmit command, and computes and 
appends the CRC to the end of the frame (see Fig- 
ure 12). In the Linear and 32-bit Segmented mode 
the CRC can be optionally inserted on a frame-by- 
frame basis by setting the NC bit in the Transmit 
Command Block (see Figures 29 and 30). 


The 82596 can be configured to generate two types 
of start and end frame delimiters-End 
of Carrier 
(EOC)or HOLC.In EOC mode the start frame delimi- 
ter is 10101011 and the end frame delimiter is indi- 


cated by the lack of a signal after the last bit of the 
frame check sequence field has been transmitted. In 
EOC mode the 82596 can be configured to extend 
short frames by adding pad bytes (7Eh) during trans- 
mission, according to the length field. In HOLC mode 
the 82596 will generate the 01111110 flag for the 
start and end frame delimiters, and do standard bit 
stuffing and stripping. Furthermore, the 82596 can 
be configured to pad frames shorter than the speci- 
fied minimum frame length by appending the appro- 
priate number of flags to the end of the frame. 


When a collision occurs, the 82596 manages the 
jam, random wait, and retry processes, reinitializing 
OMA pointers without CPU intervention. Multiple 
frames can be sent by linking the appropriate num- 
ber of Transmit commands together. This is particu- 
larly useful when transmitting a message larger than 
the maximum frame size (1518 bytes for Ethernet). 
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Figure 10_Action Command 
Format 
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Figure 11. Data Buffer Descriptor 
and 
Data Buffer Structure 
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To reduce CPU overhead, the 82596 is designed to 
receive frames without CPU supervision. The host 
CPU first sets aside an adequate receive buffer 
space and then enables the 82596 Receive Unit 
Once enabled, the RU watches for arriving frames 
and automatically stores them in the Receive Frame 
Area (RFA). The RFA contains Receive Frame De- 
scriptors, Receive Buffer Descriptors, and Data Buff- 
ers (see Figure 13). The individual Receive Frame 
Descriptors make up a Receive Descriptor List 
(RDL) used by the 82596 to store the destination 
and source addresses, the length field, and the 
status of each frame received (see Figure 14). 


Once enabled, the 82596 checks each passing 
frame for an address match. The 82596 will recog- 
nize its own unique address, one or more multicast 
addresses, or the broadcast address. If a match is 
found the 82596 stores the destination and source 
addresses and the length field in the next available 
RFD. It then begins filling the next available Data 
Buffer on the FBL, which is pointed to by the current 
RFD, with the data portion of the incoming frame. As 
one Data Buffer is filled, the 82596 automatically 
fetches the next DB on the FBL until the entire frame 
is received. This buffer chaining technique is particu- 
larly memory efficient because it allows the system 
designer to set aside buffers to fit frames much 
shorter than the maximum allowable frame length. If 
AL-LOC = 1, or if the flexible memory structure is 
used, the addresses and length field can be placed 
in the Receive Buffer. 


Once the entire frame is received without error, the 
82596 does the following housekeeping tasks. 
• The actual count field of the last Buffer Descrip- 
tor used to hold the frame just received is updat- 
ed with the number of bytes stored in the associ- 
ated Data Buffer. 


• The next available Receive Frame Descriptor is 
fetched. 
• The address of the next available Buffer Descrip- 
tor is written to the next available Receive Frame 
Descriptor. 


• A frame received interrupt status bit is posted in 
the SCB. 


• An interrupt is sent to the CPU. 


If a frame error occurs, for example a CRC error, the 
82596 automatically reinitializes its DMA pointers 
and reclaims any data buffers containing the bad 


frame. The 82596 will continue to receive frames 
without CPU help as long as Receive Frame De- 
scriptors and Data Buffers are available. 


82596 NETWORK. MANAGEMENT 
AND DIAGNOSTICS 


The behavior of data communication networks is 
normally very complex because of their distributed 
and asynchronous nature. It is particularly difficult to 
pinpoint a failure when it occurs. The 82596 has ex- 
tensive diagnostic and network management func- 
tions that help improve reliability and testability. The 
82596 reports on the following events after each 
frame is transmitted. 


• Transmission successful. 
• Transmission unsuccessful. Lost Carrier Sense. 
• Transmission unsuccessful. Lost Clear to Send. 
• Transmission unsuccessful. A DMA underrun oc- 
curred because the system bus did not keep up 
with the transmission. 
• Transmission unsuccessful. The number of colli- 
sions exceeded the maximum allowed. 
• Number of Collisions. The number of collisions 
experienced during the frame. 


• Heartbeat Indicator. This indicates the presence 
of a heartbeat during the last Interframe Spacing 
(IFS) after transmission. 


When configured to Save Bad Frames the 82596 
checks each incoming frame and reports the follow- 
ing errors. 
• CRC error. Incorrect CRC in a properly aligned 
frame. 


• Alignment error. Incorrect CRC in a misaligned 
frame. 


• Frame too short. The frame is shorter than the 
value configured for minimum frame length. 


• Overrun. Part of the frame was not placed in 
memory because the system bus did not keep up 
with incoming data. 


• Out of buffer. Part of the frame was discarded 
because of insufficient memory storage space. 


• Receive collision. A collision was detected during 
reception. 


• Length error. A frame not matching the frame 
length parameter was detected. 
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Figure 13. Receive 
Frame Area Diagram 
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Figure 14. Receive 
Frame Descrlptor 
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NETWORK 
PLANNING 
AND 
MAINTENANCE 


To properly 
plan, operate, 
and maintain 
a communi- 
cation 
network, 
the 
network 
management 
entity 
must accumulate 
information 
on network 
behavior. 
The 82596 provides 
a rich set of network-wide 
diag- 
nostics 
that 
can serve 
as the 
basis for a network 
management 
entity. 


Information 
on 
network 
activity 
is provided 
in the 
status of each frame transmitted. 
The 82596 reports 
the following 
activity 
indicators 
after each frame. 


• 
Number 
of collisions. 
The 
number 
of collisions 
the 82596 experienced 
while attempting 
to trans- 
mit the frame. 


• 
Deferred 
transmission. 
During the first transmis- 
sion attempt 
the 82596 
had to defer to traffic 
on 
the link. 


The 82596 
updates 
its 32-bit statistical 
counters 
af- 
ter each 
received 
frame 
that 
both passes 
address 
filtering 
and 
is 
longer 
than 
the 
Minimum 
Frame 
Length 
configuration 
parameter. 
The 82596 
reports 
the following 
statistics. 


• 
CRC errors. 
The number 
of well-aligned 
frames 
that experienced 
a CRC error. 


• 
Alignment 
errors. 
The 
number 
of 
misaligned 
frames 
that experienced 
a CRC error. 


• 
No resources. 
The 
number 
of frames 
that were 
discarded 
because 
of insufficient 
resources 
for 
reception. 


• 
Overrun 
errors. The number 
of frames 
that were 
not 
completely 
stored 
in memory 
because 
the 
system 
bus did not keep up with incoming 
data. 


• 
Receive 
Collision 
counter. 
The 
number 
of colli- 
sions detected 
during receive. 


• 
Short Frame counter. 
The number of frames 
that 
were discarded 
because 
they were shorter 
than 
the configured 
minimum 
frame 
length. 


The 82596 can be configured 
to Promiscuous 
mode. 
In this mode it captures 
all frames transmitted 
on the 
network 
without 
checking 
the Destination 
Address. 


This is useful when 
implementing 
a monitoring 
sta- 
tion to capture 
all frames 
for analysis. 


A useful 
method 
of capturing 
frame 
headers 
is to 
use 
the 
Simplified 
memory 
mode, 
configure 
the 
82596 
to 
Save 
Bad 
Frames, 
and 
configure 
the 
82596 to Promiscuous 
mode with space in the RFD 
allocated 
for specific 
number 
of receive 
data bytes. 


The 82596 will receive all frames and put them in the 
RFD. Frames that exceed 
the available 
space in the 
RFD will be truncated, 
the 
status 
will be updated, 


and the 82596 will retrieve the next RFD. This allows 
the 
user to capture 
the 
initial 
data 
bytes 
of each 
frame 
(for instance, 
the header) 
and discard 
the re- 
mainder 
of the frame. 


The 
82596 
also 
has a monitor 
mode 
for 
network 
analysis. 
During normal 
operation 
the receive 
func- 


tion enables 
the 82596 to receive 
frames 
that pass 
address 
filtering. 
These 
frames 
must have the Start 
of Frame 
Delimiter 
(SFD) field and must be longer 


than the absolute 
minimum 
frame 
length 
of 5 bytes 


(6 bytes in case of Multicast 
address 
filtering). 
Con- 
tents 
and status 
of the received 
frames 
are trans- 


ferred to memory. 
The monitor 
function 
enables 
the 
82596 
to simply evaluate 
the incoming 
frames. 
The 
82596 
can monitor 
the frames 
that 
pass or do not 
pass the address filtering. 
It can also monitor frames 
which do not have the SFD fields. The 82596 can be 
configured 
to only keep statistical 
information 
about 
monitor 
frames. 
Three 
options 
are available 
in the 
Monitor 
mode. 
These 
options 
are selected 
by the 
two monitor 
mode configuration 
bits available 
in the 
configuration 
command. 


When the first option is selected, 
the 82596 receives 
good 
frames 
that 
pass address 
filtering 
and trans- 


fers them 
to memory 
while 
monitoring 
frames 
that 
do not pass address 
filtering 
or are shorter than the 
minimum 
frame 
size 
(these 
frames 
are 
not 
trans- 


ferred 
to 
memory). 
When 
this 
option 
is used 
the 
82596 
updates 
six counters: 
CRC errors, 
alignment 
errors, 
no 
resource 
errors, 
overrun 
errors, 
short 
frames 
and total good frames 
received. 


When 
the 
second 
option 
is selected, 
the 
receive 
function 
is completely 
disabled. 
The 82596 monitors 
only those 
frames 
that 
pass address 
filterings 
and 
meet the minimum 
frame 
length 
requirement. 
When 
this option 
is used the 82596 
updates 
six counters: 


CRC errors, alignment 
errors, total frames 
(good and 
bad), 
short 
frames, 
collisions 
detected 
and 
total 
good frames. 


When the third option 
is selected, 
the receive 
func- 
tion is completely 
disabled. 
The 82596 
monitors 
all 


, 
frames, 
including 
frames 
that 
do not 
have 
a Start 
Frame Delimiter. 
When this option is used the 82596 
updates 
six counters: 
CRC errors, 
alignment 
errors, 


total frames 
(good and bad), short frames, 
collisions 
detected 
and total good frames. 
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INITIALIZING 
THE 82596 
STATION 
DIAGNOSTICS 
AND SELF-TEST 


The 82596 provides a large set of diagnostic and 
network management functions. These include inter- 
nal and external loopback and time domain reflec- 
tometry for locating fault points in the network cable. 
The 82596 ensures software reliability by dumping 
the contents of the 82596 internal registers into sys- 
tem memory. The 82596 has a self-test mode that 
enables it to run an internal self-test and place the 
results in system memory. 


82586 SOFTWARE 
COMPATIBILITY 


The 82596 has a software-compatible state in which 
all its memory structures are compatible with the 
82586 memory structure. This includes all the Action 
Commands, the Receive Frame Area (including the 
RFD, Buffer Descriptors, and Data Buffers), the Sys- 
tem Control Block, and the initialization procedures. 
There are two minor differences between the 82596 
in the 82586-Compatible memory structure and the 
82586. 
• When the internal and external loopback bits in 
the Configure command are set to 11 the 82596 
is in external loopback and the LPBK pin is acti- 
vated; in the 82586 this situation would produce 
internal loopback. 
• During a Dump command both the 82596 and 
82586 dump the same number of bytes; however, 
the data format is different. 


A Reset command is issued to the 82596 to prepare 
it for normal operation. The 82596 is initialized 
through two data structures that are addressed by 
two 
pointers, the 
System Configuration 
Pointer 
(SCP) and the Intermediate System Configuration 
Pointer (ISCP). The initialization procedure begins 
when a Channel Attention signal is asserted after 
RESET. The 82596 uses the address of the double 
word 
that 
contains 
the 
SCP 
as 
a 
default-- 
00FFFFF4h. Before the CA signal is asserted this 
default address can be changed to any other avail- 
able address by asserting the PORT pin and provid- 
ing the desired address over the 031-04 pins of the 
address bus. Pins 03-00 must be 0010; i.e., any 
alternative address must be aligned to 
16-byte 


boundaries. All addresses sent to the 82596 must be 
word aligned, which means that all pointers and 
memory structures must start on an even address 
(Ao=zero). 


SYSTEM 
CONFIGURATION 
POINTER 
(SCP) 
. 


The SCP contains the sysbus byte and the location 
of the next structure of the initialization process, the 
ISCP. The following parameters are selected in the 
SYSBUS. 


• The 82596 operation mode. 
• The Bus Throttle timer triggering method. 
• Lock enabled. 
• Interrupt polarity. 


Byt~rdering 
is determined by the LE/BE 
pin. 


LE/BE = 1 selects Little Endian byte ordering and 
LE/BE = 0 selects Big Endian byte ordering. 


NOTE: 
In the following, X indicates a bit not checked 
82586 mode. This bit must be set to 0 in all other 
modes. 
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The following 
diagram 
illustrates 
the format 
of the SCP. 


31 
ODD WORD 
16 
15 
EVEN WORD 
0 


X 
X 
X 
X 
X 
X 
X 
X 
SYSBUS 
10 
0 
0 
0 
0 
0 
0 
010 
0 
0 
0 
0 
0 
0 
o 
OFFFFF4h 


X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X xix 
X 
X 
X 
X 
X 
X xix 
X 
X 
X 
X 
X 
X 
X 
OFFFFF8h 


A31 ................ 
A24 
A23 
ISCP ADDRESS 
AO OFFFFFCh 


A31 .......... 
, ..... 
A24 
are not checked 
in 82586 mode 


X .................... 
X areas are not checked 
in 82586 mode; they must be 0 in all other modes. 


23 
16 


SYSBUS 
I 0 I 1 
liNT ILOCKITRGI M1 I MO I X Il'r. L,"oo,"~ 
o 0 : 82586 
mode 
o 1 : 32-BIt 
Segmented 
mode 
1 0 : Linear mode 


, 
1 1 : Reserved 


o : Internal 
triggering 
of the 


Interrupt 
polarity 
Bus Throttle 
timers 
o - Interrupt 
pin Is active 
1 : external 
triggering 
of the 
high 
.! 
Bus Throttle 
timers 


1 - 
Interrupt 
pin Is active 


low 
o : Lock function 
enabled 
1 : Lock function 
disabled 
290218-14 


ISCP ADDRESS- 
The physical address of the ISCP. In the 82586 mode, bits A31-A24 
are considered 


to be zero. 


Figure 15. The System Configuration 
Pointer 


Writing the Sysbus 


When writing the sysbus byte it is important 
to pay attention 
to the byte order. 


• 
When a Little Endian processor 
is used, the sysbus byte is located at byte address 00FFFFF6h 
(or address 


n+ 2 if an alternative 
SCP address n was programmed). 


• 
When a processor 
using Big Endian byte ordering is used, the sysbus, alternative 
SCP, and ISCP addresses 


will be different. 


• 
The sysbus byte is located 
at 00FFFFF5h. 


• 
If an alternative 
SCP address 
is programmed, 
the sysbus byte should 
be at byte address n+ 1. 
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INTERMEDIATE 
SYSTEM 
CONFIGURATION 
POINTER 
(lSCP) 


The ISCP indicates 
the location 
of the System Control Block. Often the SCP is in ROM and the ISCP is in RAM. 


The CPU loads the SCB address 
(or an equivalent 
data structure) 
into the ISCP and asserts CA. This Channel 
Attention 
signal causes 
the 82596 
to begin its initialization 
procedure 
and to get the SCB address 
from the 
ISCP and SCP. In 82586 and 32-bit Segmented 
modes the SCP base address 
is also the base address 
of all 
Command 
Blocks, 
Frame Descriptors, 
and Buffer Descriptors 
(but not buffers). 
All these data structures 
must 
reside in one 64-KB segment; 
however, 
in Linear mode no such limitation 
is imposed .. 


The following 
diagram 
illustrates 
the ISCP format. 


EVENWORD 
31 
16 15 
8 7 
0 
ODD WORD 


~A~1~5 
~S~G~B~OrF~FS~E~T~ 
~A~O~ 
~ 
B~U_SY 
~ISGP 


A23 
SGB BASEADDRESS 
AO ISGP +. 4 
L- 
L- 
~----------------------------------~ 
t 
o 
0 
0 
0 
0 
0 
0 
0 - 
in 82586 mode 
A31 
A24 - 
in all other modes 


BUSY 
- 
Indicates 
that the 82596 is being initialized. 
The CPU sets the ISCP to 01 h before it gives 


the first CA to the 82596. The ISCP is cleared 
by the 82596 after the SCB base and offset 


are read. Note that the most significant 
byte of the first word of the ISCP is not modified 
when BUSY is cleared. 


SCB OFFSET-This 
16-bit quantity 
specifies 
the offset 
portion 
of the address 
of the SCB. 


SCB BASE 
- 
Specifies 
the base portion of the address of the SCB. The base of SCB is also the base of 


all 82596 
Command 
Blocks, 
Frame 
Descriptors 
and 
Buffer 
Descriptors. 
In the 
82586 
mode, bits A31-A24 
are considered 
to be zero. 
J 


Figure 16.The Intermediate System Conflguratlc)n Polnter-82586 
and 32-Blt Segmented Modes 


31 
16 15 
EVEN WORD 


·8 7 
o 
ODD WORD 


000 


A31 


000 
BUSY 


SGB ABSOLUTE ADDRESS 


BUSY 
- 
Indicates 
that the 82596 is being ihitialized. The ISCP is set to 01 h by the CPU before its 
first CA to the 82596. 
It is cleared 
by the 82596 after the SCB address 
is read. 


SCB ADDRESS- 
This 32-bit quantity 
specifies 
the physical 
address 
of the SCB. 


Figure 17.The Intermediate System Configuration 
Pointer-Linear 
Mode. 


INITIALIZATION 
PROCESS 


The CPU sets up the SCP, ISCP, and the SCB structures, 
and, if desired, 
an alternative 
SCP address. 
It also 
sets BUSY to 01 h. The 82596 is initialized when a Channel 
Attention 
signal follows 
a Reset signal, causing the 
82596 
to access 
the System 
Configuration 
Pointer. 
The sysbus ~ 
the operational 
mode, the bus throttle 


timer triggering 
method, 
the interrupt 
polarity, 
and the state of LOCK are read. After 
reset the Bus Throttle 
timers are essentially 
disabled-the 
T-ON value is infinite, the T-OFF value is zero. After the SCP is read, the 
82596 
reads the ISCP and saves the SCB address. 
In 82586 
and 32-bit Segmented 
modes 
this address 
is 
represented 
as a base address 
plus the offset 
(this base address 
is also the base address 
of all the control 
blocks). 
In Linear mode the base address 
is also an absolute 
address. 
The 82596 clears BUSY, sets CX and 


CNR to equal 1 in the SCB, clears the SCB command 
word, sends an interrupt to the CPU, and awaits another 


Channel 
Attention 
signal. RESET configures 
the 82596 to its default 
state before CA is asserted. 
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CONTROLLING 
THE 82596CA 


The host CPU controls 
the 82596 with the commands, 
data structures, 
and methods 
described 
in this section. 
The CPU and the 82596 communicate 
through 
shared 
memory 
structures. 
The 82596 contains 
two indepen- 
dent units: the Command 
Unit and the Receive 
Unit. The Command 
Unit executes 
commands 
from the CPU, 
and the Receive 
Unit handles 
frame 
reception. 
These 
two units are controlled 
and monitored 
by the CPU 
through 
a shared 
memory 
structure 
called the System 
Control 
Block (SCB). The CPU and the 82596 use the 
CA and INT signals to communicate 
with the SCB. 


82596 CPU ACCESS 
INTERFACE 
(PORT) 


The 82596 
has a CPU access 
interface 
that allows the host CPU to do four things. 


• 
Write an alternative 
System 
Configuration 
Pointer address. 


• 
Write an alternative 
Dump area pointer 
and perform 
Dump. 


• 
Execute 
a software 
reset. 


• 
Execute 
a self-test. 


The following 
events 
initiate the CPU access 
state. 


• 
Presence 
of an address 
on the 031-04 data bus pins. 


• 
The 03-00 pins are used to select one of the four functions. 


• 
The PORT input pin is asserted, 
as in a regular write cycle. 


NOTE. 


The SCP Dump and Self-Test 
addresses 
must be 16-byte 
aligned. 


The 82596 requires two 16-bit write cycles for a port command. 
The first write holds the internal 
machines 
and 


reads the first 16 bits; the second 
activates 
the PORT command 
and reads the second 
16 bits. 


The PORT Reset is useful when only the 82596 needs to be reset. The CPU must wait for 1a-system 
and 5-se- 


rial clocks 
before 
issuing another 
CA to the 82596; this new CA begins a new initialization 
process. 


The Dump function 
is useful for troubleshooting 
No Response 
problems. 
If the chip is in a No Response 
state, 
the PORT Dump operation 
can be executed 
and a P 
RT Reset can be used to reinitialize 
the 82596 without 


disturbing 
the rest of the system. 


The Self-Test 
function 
can be used for board testing; the 82596 will execute 
a self-test 
and write the results to 


memory. 


Table 2. PORT Function 
Selection 


031 .................................. 
04 ............................. 
00 


Function 
Addresses 
and Results 
03 
02 
01 
00 


Reset 
A31 
Don't Care 
A4 
a 
a 
a 
a 


Self-Test 
A31 
Self-Test 
Results Address 
A4 
a 
a 
a 
1 


SCP 
A31 
Alternative 
SCP Address 
\ 
A4 
a 
a 
1 
a 


Dump 
A31 
Dump Area Pointer 
A4 
a 
a 
1 
1 
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MEMORY 
ADDRESSING 
FORMATS 


The 82596 
accesses 
memory 
by 32-bit addresses. 
There are two types of 32-bit addresses: 
linear and seg- 


mented. 
The type of address 
used depends 
on the 82596 operating 
mode and the type of memory 
structure 
it 


is addressing. 
The 82596 has three operating 
modes. 


• 
82586 
Mode 


• 
A Linear address 
is a single 24-bit entity. Address 
pins A31-A24 
are always zero . 


•. A Segmented 
address 
uses a 24-bit base and a 16-bit offset. 


• 
32-bit Segmented 
Mode 


• 
A Linear address 
is a single 32-bil entity. 


• 
A Segmented 
address 
uses a 32-bit,base 
and a 16-bit offset. 


NOTE 
In the previous 
two 
memory 
addressing 
modes, 
each 
command 
header 
(CB, TBO, 
RFO, RBO, and SCB) 
must wholly reside within one segment. 
If the 82596 encounters 
a memory 
structure 
that does not follow 
this 


restriction, 
the 82596 will fetch the next contiguous 
location 
in memory 
(beyond 
the segment). 


• 
Linear Mode 


• 
A Linear address 
is a single 32-bit entity. 


• 
There are no Segmented 
addresses. 


Linear addresses 
are primarily 
used to address 
transmit 
and receive 
data buffers. 
In the 82586 
and 32-bit 


Segmented 
modes, segmented 
addresses 
(base plus offset) are used for all Command 
Blocks, Buffer Oescrip- 


tors, 
Frame 
Oescriptors, 
and System 
Control 
Blocks. 
When 
using 
Segmented 
addresses, 
only 
the offset 


portion of the entity being addressed 
is specified 
in the block. The base for all offsets 
is the same-that 
of the 


SCB. See Table 
1. 


LITTLE 
ENDIAN 
AND BIG ENDIAN 
BYTE ORDERING 


The 82596 
supports 
both Little Endian and Big Endian byte ordering 
for its memory 
structures. 


The 82596 supports 
Big Endian byte ordering for word and byte entities. 
Oword entities 
are not supported 
with 


Big Endian byte ordering. 
This results 
in slightly different 
82596 
memory 
structures 
for Big Endian operation. 


These structures 
are defined 
in the 82596 User's Manual. 


NOTE 
All 82596 
memory 
entities 
must be word or dword aligned. 


An example 
of a dword entity is a frame descriptor 
command/status 
dword, whereas 
the raw data of the frame 
are byte entities. 
Both 32- and 16-bit buses are supported. 
When a 16-bit bus is used with Big Endian memory 
organization, 
data 
lines 015-00 
are used. The 82596 
has an internal 
crossover 
that 
handles 
these 
swap 


operations. 


COMMAND 
UNIT (CU) 


The Command 
Unit is the logical unit that executes 
Action Commands 
from a list of commands 
very similar to 


a CPU program. A Command 
Block is associated 
with each Action Command. 
The CU is modeled 
as a logical 


machine 
that takes, at any given time, one of the following 
states. 


• 
Idle. The CU is not executing 
a command 
and is not associated 
with a CB on the list. This is the initial state. 


• 
Suspended. 
The CU is not executing 
a command; 
however, 
it is associated 
with a CB on the list. 


• 
Active. 
The CU is executing 
an Action 
Command 
and pointing 
to its CB. 


The CPU can affect 
CU operation 
in two ways: by issuing a CU Control 
Command 
or by setting 
bits in the 


Command 
word of the Action 
Command. 
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RECEIVE 
UNIT (RU) 


The Receive 
Unit is the logical unit that receives 
frames and stores them in memory. The RU is modeled 
as a 
logical 
machine 
that takes, at any given time, one of the following 
states. 


• 
Idle. The RU has no memory 
resources 
and is discarding 
incoming 
frames. 
This is the initial state. 


• No Resources. 
The RU has no memory 
resources 
and is discarding 
incoming 
frames. 
This state diff«~rs 
from Idle in that the RU accumulates 
statistics 
on the number 
of discarded 
frames. 


• 
Suspended. 
The RU has memory 
available 
for storing 
frames, 
but is discarding 
them. The suspend 
state 
can only be reached 
if the CPU forces 
this through 
the SCB or sets the suspend 
bit in the RFD. 


• 
Ready. 
The RU has memory 
available 
and is storing 
incoming 
frames. 


The CPU can affect 
RU operation 
in three ways: by issuing an RU Control 
Command, 
by setting 
bits in the 
Frame Descriptor 
Command 
word of the frame being received, 
or by setting the El 
bit of the current 
buffer's 
Buffer Descriptor. 
. 


SYSTEM 
CONTROL 
BLOCK (SCB) 


The SCB is a memory block that plays a major role in communications 
between 
the CPU and the 82596. Such 
communications 
include 
the following. 


• 
Commands 
issued by the CPU 


• 
Status reported 
by the 82596 


Control 
commands 
are sent to the 82596 
by writing 
them 
into the SCB and then asserting 
CA. The 82596 
examines 
the command, 
performs 
the 
required 
action, 
and then 
clears 
the SCB command 
word. 
Control 
commands 
perform 
the following 
types of tasks. 


• 
Operation 
of the Command 
Unit (CU). The SCB controls 
the CU by specifying 
the address of the Command 
Block 
List (CBl) 
and by starting, 
suspending, 
resuming, 
or aborting 
execution 
of CBl 
commands. 


• 
Operation 
of the Bus Throttle. 
The SCB controls 
the Bus Throttle 
timers by providing 
them with new values 
and sending the load 
and Start timer commands. 
The timers can be operated 
in both the 32·bit Segmented 
and Linear modes. 


• 
Reception 
of frames 
by the Receive 
Unit (RU). The SCB controls 
the RU by specifying 
the address 
of the 
Receive 
Frame Area and by starting, 
suspending, 
resuming, 
or aborting 
frame reception. 


• 
Acknowledgment 
of events 
that cause interrupts. 


• 
Resetting 
the chip.' 


The 82596 
sends 
status 
reports 
to the CPU via the System 
Control 
Block. The SCB contains 
four types of 
status reports. 


• 
The cause of the current 
interrupts. 
These 
interrupts 
are caused 
by one or more of the following 
82596 


events. 


• 
The Command 
Unit completes 
an Action 
Command 
that has its I bit set. 


• 
The Receive 
Unit receives 
a frame. 


• 
The Command 
Unit becomes 
inactive. 


• 
The Receive 
Unit becomes 
not ready. 


• 
The status of the Command 
Unit. 


• 
The status of the Receive 
Unit. 


• 
Status reports 
from the 82596 regarding 
reception 
of corrupted 
frames. 
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Events can be cleared only by CPU acknowledgment. If some events are not acknowledged by the ACK field 
the Interrupt signal (INT) will be reissued after Channel Attention (CA) is processed. Furthermore, if a new 
event occurs while an interrupt is set, the interrupt is temporarily cleared to trigger edge-triggered interrupt 
controllers. 


The CPU uses the Channel Attention line to cause the 82596 to examine the 8CB. This signal is trailing-edge 
triggered-the 
82596 latches CA on the trailing edge. The latch is cleared by the 82596 before the 8CB 
control command Is read. 
. 


,. 


31 
ODD WORD 
16 15 
EVEN WORD 
0 


ACK 
I X I 
cuc 
I R I 
RUC 
I X 
X 
X 
X 
STAT 
1'0 I 
CUS 
ToT 
RUS 
Too 
0 
o 
SCB 


RFAOFFSET 
CBLOFFSET 
SCB + 4 


ALIGNMENT 
ERRORS 
CRCERRORS 
SCB + 8 


OVERRUN 
ERRORS 
RESOURCE 
ERRORS 
SCB + 12 


Figure 18. SCB-82586 
Mode 


31 
bDDWORD 
16 15 
EVEN WORD 
0 


ACK 
101 
cuc 
I R I 
RUC 
I 0 
0 
0 
01 
STAT 
101 
CUS 
I 
RUS 
ITlo 
0 
o 
SCB 


RFAOFFSET 
I 
CBLOFFSET 
SCB + 4 


CRCERRORS 
SCB + 8 
, 


ALIGNMENT 
ERRORS 
, 


SCB + 12 


" 
RESOURCE 
ERRORS 
(') 
SCB + 16 
" . 


/ 
OVERRUN 
ERRORS 
(') 
" 
SCB + 20 


RCVCDT 
ERRORS 
(') 
SCB + 24 


SHORT 
FRAME 
ERRORS 
SCB + 28 


T-ONTIMER 
I 
T-OFFTIMER 
SCB + 3:~ 


'In 
monitor 
mode these 
counters 
change 
function 


; 
Figure 19.SCB-32·Bit 
Segmented Mode 


31 
ODD WORD 
16 15 
EVEN WORD 
0 


ACK 
101 
cuc 
IRI 
RUC 
10 
0 
0 
01 
STAT 
101 
CUS T 
RUS 
TrTo 
0 
o 
SCB 


COMMAND 
BLOCK ADDRESS 
SCB + 4 


RECEIVE 
FRAME AREA ADDRESS 
SCB + 8 


CRCERRORS 
SCB + 12 


ALIGNMENT 
ERRORS 
SCB + Hi 


RESOURCE 
ERRORS 
(') 
- 
SCB + 20 


OVERRUN 
ERRORS 
(') 
SCB + 24 


RCVCDT 
ERRORS 
(') 
SCB + 28 


SHORT 
FRAME 
ERRORS 
SCB + 3::~ 


T-ONTIMER 
I 
T-OFFTIMER 
SCB + 36 


'In 
MONITOR 
mode these 
counters 
change 
function 


Figure 20. SCB-Llnear 
Mode 


7-85 


inter 
82596CA 


Command 
Word 
31 


'-- 
A_C_K 
--'0'--__c_U_c__ 
----'0'--__ R_U_C 
I_o__ 
o 
o__ 
0--,1 
SCB + 2 


16 


These bits specify the action to be performed 
as a result of a CA. This word is set by the CPU and cleared 
by 
the 82596. Defined 
bits are: 


Bit 31 ACK-CX 


Bit 30 ACK-FR 


Bit 29 ACK-CNA 


Bit 28 ACK-RNR 


Bits 24-26 CUC 


Bit 23 RESET 


Bits 20-22 
RUC 


- 
Acknowledges 
that the CU completed 
an Action 
Command. 


- 
Acknowledges 
that the RU received 
a frame. 


- 
Acknowledges 
that the Command 
Unit became 
not active. 


- 
Acknowledges 
that the Receive 
Unit became 
not ready. 


- 
(3 bits) This field contains 
the command 
to the Command 
Unit. Valid values are: 


o 
- 
NOP (does not affect 
current 
state of the unit). 


1 
- 
Start execution 
of the first command 
on the CBL. If a command 
is executing, 
complete 
it before starting 
the new CBL. The beginning 
of the CBl 
is in CBl 
OFFSET 
(address). 


2 
- 
Resume the operation 
of the Command 
Unit by executing 
the next command. 
This 
operation 
assumes 
that 
the 
Command 
Unit has been 
previously 
sus- 
pended. 


3 
- 
Suspend 
execution 
of commands 
on CBl 
after current command 
is complete. 


4 
- 
Abort current 
command 
immediately. 


5 
- 
loads 
the Bus Throttle 
timers so they will be initialized 
with their new values 
after the active timer (T-ON or T-OFF) 
reaches 
Terminal 
Count. If no timer is 
active 
new values 
will be loaded 
immediately. 
This command 
is not valid in 
82586 mode. 


6 
- 
loads 
and immediately 
restarts the Bus Throttle 
timers with their new values. 
This command 
is not valid in 82586 mode. 


7 
- 
Reserved. 


- 
Reset chip (logically 
the same as hardware 
RESET). 


- 
(3 bits) This field contains 
thE! command 
to the Receive 
Unit. Valid values 
are: 


o 
- 
NOP (does not alter current 
state of unit). 


1 
- 
Start reception 
of frames. 
The beginning 
of the RFA is contained 
in the RFA 
OFFSET 
(address). 
If a frame 
is being 
received 
complete 
reception 
before 
starting. 


2 
- 
Resume 
frame reception 
(only when in suspended 
state). 


3 
- 
Suspend 
frame reception. 
If a frame is being received 
complete 
its reception 
before 
suspending. 


4 
- 
Abort receiver 
operation 
immediately. 


5-7 - 
Reserved. 
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Status Word 
15 
° 
_---'----_s-lT,L_AT_L-----.J0L--_:L_C_us_:L--_~ 
__ 
:L_R_U_S 
"-:_1_o 
__ 
0__ o__ o_1 
SCB 


82586 
mode 


15 
° 
I 
: 
ST,AT: 
~ 
: CUS: 


32-Bit Segmented 
and Linear mode. 
_---' 
__ R...I.y_s_-'--__ I=:Q'---o__ 
o__ o_1 
SCB 


Indicates 
the status of the 82596. This word is modified 
only by the 82596. 
Defined 
bits are: 


Bit 15 CX 


Bit 14 FR 


Bit 13 CNA 


Bit 12 RNR 


Bits 8-10 
CUS 


Bits 4-7 
RUS 


Bit 3 T 


- 
The CU finished 
executing 
a command 
with its I (interrupt) 
bit set. 


- 
The RU finished 
receiving 
a frame. 


- 
The Command 
Unit left the Active 
state. 


- 
The Receive 
Unit left the Ready state. 


- 
(3 bits) This field contains 
the status of the command 
unit. Valid values are: 
o 
-Idle 


1 
- 
Suspended 


2 
-Active 


3-7 
- 
Not used 


- 
This field contains 
the status of the receive 
unit. 'Valid values are: 
.-' 


Oh (0000) 
- 
Idle 


1h (0001) 
- 
Suspended 


2h (0010) 
- 
No Resources. 
This 
bit indicates 
both 
no resources 
due 
to lack 
of 
RFDs in the RDL and no resources 
due to lack of RBDs in the FBL. 


4h (0100) 
- 
Ready 


8h (1000) 
- 
No more RBDs (not in the 82586 mode) 


Ah (1010) 
- 
No resources 
due to no more RBDs (not in the 82586 mode). 


No other combinations 
are allowed 


- 
Bus Throttle 
timers 
loaded 
(not in 82586 
mode). 


SCB OFFSET 
ADDRESSES 


CBl Offset (Address) 


In 82586 
and 32-bit Segmented 
modes this 16-bit quantity 
indicates 
the offset 
portion 
of the address 
for the 
first Command 
Block on the CBL. In Linear mode it is a 32-bit linear address 
for the first Command 
Block on 
the CBL. It is accessed 
only if CUC equals Start. 


RFA Offset (Address) 


In 82586 and 32-bit Segmented 
modes this 16-bit quantity 
indicates 
the offset 
portion 
of the address 
for the 
Receive 
Frame Area. In Linear mode it is a 32-bit linear address 
for the Receive 
Frame Area. It is accessed 
only if RUC equals Start. 
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see STATISTICAL 
COUNTERS 


Statistical Counter Operation 


• 
The CPU is responsible 
for clearing 
all error counters 
before 
initializing 
the 82596. 
The 82596 
updates 
these counters 
by reading them, adding 1, and then writing them back to the SCB. 


• 
The counters 
are wraparound 
counters. 
After reaching 
FFFFFFFFh 
the counters 
wrap around to zero. 


• 
The 82596 
updates 
the required 
counters 
for each frame. 
It is possible 
for more than one counter 
to be 
updated; 
multiple 
errors will result in all affected 
counters 
being updated. 


• 
The 
82596 
executes 
the 
read-counter/increment/write-counter 
operation 
without 
relinquishing 
the 
bus 
(locked 
operation). 
This is to ensure that no logical contention 
exists between 
the 82596 and the CPU due 
to both attempting 
to write to the counters 
simultaneously. 
In the dual-port 
memory 
configuration 
the CPU 
should 
not execute 
any write operation 
to a counter 
if LOCK is asserted. 


• 
The counters 
are 32-bits 
wide and their behavior 
is fully compatible 
with the IEEE 802.3 
standard. 
The 
82596 supports 
all relevant 
statistics 
(mandatory, 
optional, 
and desired) 
through 
the status of the transmit 
and receive 
header and directly 
through 
SCB statistics. 


CRCERRS 


This 32-bit quantity 
contains 
the number of aligned frames discarded 
because 
of a CRC error. This counter 
is 
updated, 
if needed, 
regardless 
of the RU state. 


AlLNERRS 


This 32-bit quantity 
contains 
the number of frames 
that both are misaligned 
(i.e., where CRS deasserts 
on a 
nonoctet 
boundary) 
and contain 
a CRC error. The counter 
is updated, 
if needed, 
regardless 
of the RU state, 


SHRTFRM 


This 32-bit quantity 
contains 
the number 
of received 
frames 
shorter 
than the minimum 
frame length. 


The last three counters 
change 
function 
in monitor 
mode. 


RSCERRS 


This 
32-bit 
quantity 
contains 
the 
number 
of good 
frames 
discarded 
because 
there 
were 
no resources 
to 
contain 
them. 
Frames 
intended 
for a host whose 
RU is in the 
No Receive 
Resources 
state, 
fall into this 
category. 
This counter 
is updated 
only if the RU is in the No Resources 
state. When 
in Monitor 
mode this 
counter 
counts 
the total number of frames-good 
and bad. 
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OVRNERRS 


This 32·bit quantity 
contains 
the number 
of frames 
known 
to be lost because 
the local system 
bus was not 
available. 
If the traffic 
problem 
lasts longer than the duration 
of one frame, the frames that follow the first are 
lost without 
an indicator, 
and they are not counted. 
This counter 
is updated, 
if needed, 
regardless 
of the RU 
state. 


RCVCDT 


This 32·bit quantity 
contains 
the number 
of collisions 
detected 
during frame 
reception. 
In Monitor 
mode this 
counter 
counts 
the total number of good frames. 


ACTION 
COMMANDS 
AND OPERATING 
MODES 


This section 
lists all the Action Commands 
of the Command 
Unit Command 
Block List (CBL). Each command 
contains 
the Command 
field, the Status 
and Control 
fields, 
the link to the next Action 
Command, 
and any 
comrnand-specitlc 
parameters. 
There 
are three 
basic types 
of action 
commands: 
82596 
Configuration 
and 
Setup, Transmission, 
and Diagnostics. 
The following 
is a list of the actual commands. 


• 
NOP 
• 
Transmit 


• 
Individual 
Address 
Setup 
• 
TOR 


• 
Configure 
• 
Dump 


• 
MC Setup 
• 
Diagnose 


The 82596 has three addressing 
modes. 
In the 82586 mode all the Action Commands 
look exactly 
like those 
of the 82586. 


• 
82586 
Mode. The 82596 software 
and memory 
structure 
is compatible 
with the 82586. 


• 
32-Bit Segmented 
Mode. The 82596 can access the entire system memory and use the two new memory 
structures-Simplified 
and Flexible-while 
still using the segmented 
approach. 
This does not require 
any 
significant 
changes 
to existing 
software. 
. 


• 
Linear Mode. The 82596 operates 
in a flat, linear, 4 gigabyte 
memory 
space without 
segmentation. 
It can 
also use the two new memory 
structures. 


In the 32·bit Segmented 
mode there are some differences 
between 
the 82596 and 82586 action commands, 


mainly in programming 
and activating 
new 82596 features. 
Those 
bits marked 
"don't 
care" 
in the compatible 
mode are not checked; 
however, 
we strongly 
recommend 
that those 
bits all be zeroes; 
this will allow future 
enchancements 
and extensions. 


In the Linear 
mode all of the address 
offsets 
become 
32·bit 
address 
pointers. 
All new 82596 
features 
are 
accessible 
in this mode, and all bits previously 
marked 
"don't 
care" 
must be zeroes. 


The Action Commands, 
and all other 82596 memory structures, 
must begin on even byte boundaries, 
i.e., they 
must be word aligned. 
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NOP 


This command 
results in no action by the 82596 except for those performed 
in the normal command 
process- 
ing. It is used to manipulate 
the CBl 
manipulation. 
The format 
of the NOP command 
is shown 
in Figure 21. 


000 
0 
0 
0 
0 


o 


NOP-82586 
and 32-Bit Segmented 
Modes 


ODD WORD 
16 15 
EVEN WORD 
x x x x x x x 
0 
C 
BOO 
0 
0 
0 
0000000 


x x x 
X 
X 
X 
X 
X A15 
LINK OFFSET 
AO 4 


ODD WORD 
EVEN WORD 
0 


00000000000000 


AO 4 


Figure 21 


where: 


LINK POINTER 
- 
In the 82586 
or 32-bit 
Segmented 
modes 
this is a 16-bit offset 
to the next Command 
Block. 
In the Linear mode this is the 32-bit address 
of the next Command 
Block. 


El 
- 
If set, this bit indicates 
that this command 
block is the last on the CBL. 


S 
- 
If set to one, suspend 
the CU upon completion 
of this CB. 


I 
- 
If set to one, the 82596 
will generate 
an interrupt 
after execution 
of the command 
is 
complete. 
If I is not set to one, the CX bit will not be set. 


CMD (bits 16-18) 
- 
The NOP command. 
Value: Oh. 


Bits 19-28 
- 
Reserved 
(zero in the 32-bit Segmented 
and Linear modes). 


C 
- 
This bit indicates 
the execution 
status of the command. 
The CPU initially resets it to zero 
when the Command 
Block is placed on the CBL. Following 
a command 
Completion, 
the 
82596 will set it to one. 


B 
- 
This bit indicates 
that the 82596 
is currently 
executing 
the NOP command. 
It is initially 
reset to zero by the CPU. The 82596 sets it to one when execution 
begins and to zero 
when execution 
is completed. 
This bit is also set when the 82596 
prefetches 
the com- 
mand. 


NOTE: 
The C and B bits are modified 
in one operation. 


OK 
- 
Indicates 
that the command 
was executed 
without 
error. If set to one no error occurred 
(command 
executed 
OK). If zero an error occured. 


Individual Address Setup 


This command 
is used to load the 82596 with the Individual 
Address. 
This address 
is used by the 82596 for 
inserting 
the Source 
Address 
during transmission 
and recognizing 
the Destination 
Address 
during reception. 
After 
RESET, and prior to Individual 
Address 
Setup Command 
execution, 
the 82596 assumes 
the Broadcast 
Address 
is the Individual 
Address 
in all aspects, 
i.e.: 


• 
This will be the Individual 
Address 
Match reference. 


• 
This will be the Source 
Address 
of a transmitted 
frame (for Al-lOC 
= 0 mode only). 
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The format 
of the Individual 
Address 
Setup command 
is shown 
in Figure 22. 


31 


lA Setup-82586 
and 32·Blt Segmented 
Modes 
ODD WORD 
16 15 
EVENWORD 


ELl S I I I x 
X 
X 
X 
X 
X 
X 
X 
X 
xlo 
0 
1 
cl 
B IOKI A 10 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


INDIVIDUAL ADDRESS 
tst byte A15 
LINK OFFSET 
AO 


61hbyte 
5th byte 
4th byte 
3rd byte 


lA Setu~Llnear 
Mode 
1615 
ODD WORD 
EVEN WORD 
31 
. 


ELl S I I 10 
0 
0 
o 
0 
0 
0 
o 
0 
010 
0 
1 I cl 
B IOKI A I 0 
0 
0 
0 
o 
0 
o 
0 
0 
0 
0 
0 


A31 
LINK ADDRESS 
AO 


4th byte 
3rd byte 
I 
INDIVIDUALADDRESS 
1st byte 


I 
6th byte 
5th byte 


Figure 22 


where: 


LINK ADDRESS, 
EL, B, C, I, S 


A 


- 
As per standard 
Command 
Block (see the NOP command 
for details) 


- 
Indicates 
that the command 
was abnormally 
terminated 
due to CU Abort 
control 


command. 
If one, then the command 
was aborted, 
and if necessary 
it should 
be 


repeated. 
If this bit is zero, the command 
was not aborted. 


Bits 19-28 
- 
Reserved 
(zero in the 32-bit Segmented 
and Linear modes). 


CMD (bits 16-18) 
- 
The Address 
Setup command. 
Value: 1h. 


INDIVIDUAL 
ADDRESS 
- 
The individual 
address 
of the node, 0 to 6 bytes long. 


The least significant 
bit of the Individual 
Address 
must be zero for Ethernet 
(see the Command 
Structure). 
However, 
no enforcement 
of 0 is provided 
by the 82596. 
Thus, 
an Individual 
Address 
with 
1 as its least 


significant 
bit is a valid Individual 
Address 
in all aspects. 


The default 
address 
length 
is 6 bytes long, as in 802.3. 
If a different 
length 
is used the lA Setup 
command 


should 
be executed 
after the Configure 
command. 


Configure 


The 
Configure 
command 
loads 
the 
82596 
with 
its operating 
parameters. 
It allows 
changing 
some 
of the 


parameters 
by specifying 
a byte count less than the maximum 
number of configuration 
bytes (12 in the 8258El 
mode, 
16 in the 32-Bit 
Segmented 
and 
Linear 
modes). 
The 82596 
configuration 
depends 
on its mode 
of 
operation. 


• 
In the 82586 
mode the maximum 
number of configuration 
bytes is 12. Any number 
larger than 12 will be 


reduced 
to 12 and any number 
less than 4 will be increased 
to 4. 


• 
The additional 
features 
of the serial side are disabled 
in the 82586 
mode. 


• 
In both the 32-Bit Segmented 
and Linear modes there 
are four additional 
configuration 
bytes, which 
hold 
parameters 
for additional 
82596 features. 
If these parameters 
are not accessed, 
the 82596 will follow their 


default 
values. 


• 
For more detailed 
information 
refer to the 32-Bit LAN Components 
User's 
Manual. 
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The format 
of the Configure 
command 
is shown 
in Figure 23, 24 and 25. 


31 
ODD 
WORD 
1615 
EVEN 
WORD 
0 


ELl S I1 IX 
x 
x 
x 
x 
x 
x 
x 
x 
xlo 
1 
o 
cl B IOKI A I 0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
o 
0 


Byte 1 
Byte 0 
A15 
LINK OFFSET 
AO 4 


Byte 5 
Byte 4 
Byte 3 
Byte 2 
8 


Byte 9 
Byte 8 
Byte 7 
Byte 6 
12 


X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
Byte 10 
16 


Figure 23. cONFIGURE-82586 
Mode 


31 
ODD 
WORD 
1615 
EVEN 
WORD 
0 


ELl S I1 10 
0 
0 
0 
0 
0 
0 
0 
0 
010 
1 
o 
cl B IOKI A I 0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
o 0 


Byte 1 
Byte 0 
A15 
LINK OFFSET 
AO 4 


Byte 5 
Byte 4 
Byte 3 
Byte 2 
8 


Byte 9 
Byte 8 
Byte 7 
Byte 6 
12 


Byte 13 
Byte 12 
Byte 11 
Byte 10 
16 


Figure 24. cONFIGURE-32-Blt 
Segmented Mode 


31 
ODD 
WORD 
1615 
EVEN 
WORD 
0 


ELl S I1 10 
0 
0 
0 
0 
0 
0 
0 
0 
010 
1 
o 
c IB IOKI A I 0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
o 0 


A31 
LINK ADDRESS 
AO 4 


Byte 3 
Byte 2 
Byte 1 
Byte 0 
8 


Byte 7 
Byte 6 
Byte 5 
Byte 4 
12 


Byte 11 
Byte 10 
Byte 9 
Byte 8 
16 


X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
Byte 13 
Byte 12 
20 


Figure 25. CON FIGURE-LInear 
Mode 


LINK ADDRESS, 
- 
As per standard 
Command 
Block (see the NOP command 
for details) 
EL, B, C, I, S 


A 
- 
Indicates 
that the command 
was abnormally 
terminated 
due to a CU Abort control 
corn- 
mand. If 1, then the command 
was aborted 
and if necessary 
it should be repeated. 
If this 
bit is 0, the command 
was not aborted. 


Bits 19-28 
- 
Reserved 
(zero in the 32-Bit Segmented 
and Linear Modes) 


CMD (bits 16-18) 
- 
The CONFIGURE 
command. 
Value: 2h. 


The interpretation 
of the fields follows: 


7 
6 
5 
4 
3 
2 
1 
o 


BYTE90UNT 
p 
X 
X 
X 


BYTE 0 


BYTE CNT (Bits 0-3) 


PREFETCHED 
(Bit 7) 


Byte Count. 
Number of bytes, including 
this one, that hold pa· 
rameters 
to be configured. 


Enable 
the 82596 
to write 
the 
prefetched 
bit in all prefetch 
RBDs. 
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NOTE: 
The 
P bit is valid 
only 
in the 
new 
memory 
structure 
modes. 
In 82586 
mode 
this 
bit is disabled 
(i.e., no 


prefetched 
mark). 


7 
0 
IL-__ M_O_N.L:IT_O_R 
__ 
-'-- 
__ 
X 
X 
-'-- 
__ 
F_IF_0....L:L_IM_I_T 
__ 
'-- 
I 


BYTE 1 


FIFO Limit (Bits 0-3) 


MONITOR# 
(Bits 6-7) 


DEFAULT:C8h 


7 
I 
SAVBF 


BYTE 
2 


SAY BF (Bit 7) 


DEFAULT: 
40h 
7 


FIFOlimit. 


Receive 
monitor 
options. 
If the Byte Count of the configure 


command 
is less than 12 bytes then these 
Monitor 
bits are ignored. 


o 


o 
o 
o 
o 
o 
o 


O-Received 
bad frames 
are not saved in the memory. 


1-Received 
bad frames 
are saved in the memory. 


o 


LOOP 
BACK 


MODE 
ADDRESS 
LENGTH 
PREAMBLE 
LENGTH 


BYTE 
3 
) 


ADR LEN (Bits 0-2) 


NO SCR ADD INS (Bit 3) 


PREAM LEN (Bits 4-5) 


LP BCK MODE (Bits 6-7) 


DEFAULT: 
26h 


Address 
length (any kind). 


No Source 
Address 
Insertion. 


In the 82586 this bit is called AL LOC. 


Preamble 
length. 


Loopback 
mode. 


7 
0 


I BOF 
METD 
I 
EX_P_0..L~_E_N_TI_A_L_PR_IJ....p_RI_TY 
__ 
-,- 
__ 
O 
L_1NJ....: 
EA_R_P_R_IO_R.J..lrv 
--"1 


BYTE 4 


UN PRIO (Bits 0-2) 


EXP PRIO (Bits 4-6) 


BOF METD (Bit 7) 


DEFAULT: 
OOh 


Linear Priority. 


Exponential 
Priority. 


Exponential 
Backoff 
method. 


7 
0 


1 
-'- 
__ 
---''-- 
__ 
-'- 
.1...: I_NT_E_R_F_R_AM.J...; 
E_S_P_A_CI_N_G..L.: 
....1...- 
1 


BYTE 5 


INTERFRAME 
SPACING 


DEFAULT: 
60h 


Interframe 
spacing. 
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7 
0 
~ 
-L 
~ 
~ 
S_LO_T_T_IM~;E_-_L_O_W 
__ 
~ 
~ 
~ 
~I 


BYTE 6 


SLOT TIME (L) 


DEFAULT: 
OOh 


Slot time, low byte. 


7 
0 


I'-- 
...J¥LA_X_IM_U_M_R_EJ.....!R_Y_N_U_M_B_ER.L! 
0 
S...J~LOT_T_IM_E_-_H_IGJ.....: 
H 
---'I 


BYTE 7 


SLOT TIME (H) 
(Bits 0-2) 


RETRY NUM (Bits 4-7) 


DEFAULT: 
F2h 
7 


Slot time, high part. 


Number of transmission 
retries on collision. 


o 


BYTE 8 


PRM (Bit 0) 


BC DIS (Bit 1) 


MANCH/NRZ 
(Bit 2) 


Promiscuous 
mode. 


Broadcast 
disable. 


Manchester 
or NRZ encoding. 
See specific 
timing 
require- 
ments for TXC in Manchester 
mode. 


Transmit 
on no CRS. 


No CRC insertion. 


CRC type. 


Bit stuffing. 


Padding. 


TONO CRS (Bit 3) 


NOCRC INS (Bit 4) 


CRC-16/CRC-32 
(Bit 5) 


BIT STF (Bit 6) 


PAD (Bit 7) 


DEFAULT: 
OOh 


7 
0 
I CDT 
SRC 
I 
. 
COLU~ION 
DETECT:FIL 
TER 
I 
CRS 
SRC 
I 
CAR~IER 
SENSE 
F:IL TER 
I 


BYTE 9 


CRSF (Bits 0-2) 
Carrier Sense filter (length). 


CRS SRC (Bit 3) 
Carrier Sense source. 


CDTF (Bits 4-6) 
Collision 
Detect filter (length). 


CDT SRC (Bit 7) 
Collision 
Detect 
source. 


DEFAULT: 
OOh 
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7 
0 


IL 
-J:' 
~ 
_L~_IN_IM_U_M_F_RL~M_E_L_E_N_GT_HL!~~--L-----~------I 


BYTE 10 


MIN FRAME LEN 


DEFAULT: 
40h 


Minimum 
frame length. 


7 
0 


I 
M_O_N.L..:IT_O_R 
__ 
....I..-M_C_-A_L_L_ICOBSAC I 
AUTOTX 
1 
CRCINM 
1 
LNGFLO 
I 
PRECRS I 


BYTE 11 


PRECRS (Bit 0) 


LNGFLD (Bit 1) 


CRCINM 
(Bit 2) 


AUTOTX 
(Bit 3) 


CDBSAC 
(Bit 4) 


MCJLL 
(Bit 5) 


MONITOR 
(Bits 6-7) 


DEFAULT: 
FFH 
7 


IOCR 
FOX 


BYTE 12 


DCR SLOT ADDRESS 
(Bits 0-5) 


FDX (Bit 6) 


DCR (Bit 7) 


DEFAULT: 
OOh 


Preamble 
until Carrier Sense 


Length field. Enables 
padding 
at the End-of-Carrier 
framing 
(802.3). 


Rx CRC appended 
to the frame in memory. 


Auto retransmit 
when a collision 
occurs 
during the preamble. 


Collision 
Detect 
by source 
address 
recognition. 


Enable to receive 
all MC frames. 


Receive 
monitor 
options. 


o 


_~_-L 
~:_OC_R_S_L_O~~LA_O_OR_E_S_S-L 
~ 
I 


Station 
index in DCR mode. 


> 


Enables 
Full Duplex operation. 


Enables 
Deterministic 
collision 
resolution. 


7 
0 


I OIS_BOF I MULT_IA 
I 
--'- 
0.L..!C_R_N_U_M_B_E...JR:LO_F_S_TA_T_IO_N 
..•.:S 
--'- 
I 


BYTE 13 


DCR NUMBER 
OF 
STATIONS 
(Bits 0-5) 


MUL T_lA 
(Bit 6) 


DIS_BOF 
(Bit 7) 


DEFAULT: 
3Fh 


Number of stations 
in DCR mode. 


Multiple 
individual 
address. 


Disable the backoff 
algorithm. 
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A reset (hardware 
or software) 
configures 
the 82596 according 
to the following 
defaults. 


Table 4. Configuration 
Defaults 


Parameter 
Default Value 
Units/Meaning 


ADDRESS 
LENGTH 
"6 
Bytes 
AIL FIELD LOCATION 
0 
Located in FD 
, 
AUTO RETRANSMIT 
1 
Auto Retransmit 
Enable 
BITSTUFFING/EOC 
0 
EOC 
BROADCAST 
DISABLE 
0 
Broadcast 
Reception 
Enabled 
, 
CDBSAC 
1 
Disabled 
CDT FILTER 
0 
Bit Times 
CDTSRC 
0 
External Collision 
Detection 
, 
CRC IN MEMORY 
1 
CRC Not Transferred 
to Memory 
CRC-16/CRC-32 
"0 
CRC-32 
CRS FILTER 
0 
o Bit Times 
CRSSRC 
0 
External CRS 
, 
DCR 
0 
Disable DCR Protocol 
, 
DCR Slot Number 
0 
DCR Disabled 
, 
DCR Number of Stations 
63 
Stations 
, 
DISBOF 
0 
Backoff 
Enabled 
EXT LOOPBACK 
0 
Disabled 
EXPONENTIAL 
PRIORITY 
"0 
802.3 Algorithm 
EXPONENTIAL 
BACKOFF 
METHOD 
"0 
802.3 Algorithm 
, 
FULL DUPLEX (FDX) 
0 
CSMAlCD 
Protocol 
(No FDX) 
FIFO THRESHOLD 
8 
TX: 32 Bytes, RX: 64 Bytes 
INT LOOPBACK 
0 
Disabled 
INTERFRAME 
SPACING 
"96 
Bit Times 
LINEAR PRIORITY 
"0 
802.3 Algorithm 
, 
LENGTH 
FIELD 
1 
Padding Disabled 
MIN FRAME LENGTH 
"64 
Bytes 
, 
MC ALL 
1 
Disabled 
, 
MONITOR 
11 
Disabled 
MANCHESTER/NRZ 
0 
NRZ 
, 
MULTI 
lA 
0 
Disabled 
NUMBER 
OF RETRIES 
"15 
Maximum 
Number of Retries 
NO CRC INSERTION 
0 
CRC Appended 
to Frame 
PREFETCH 
BIT IN RBD 
0 
Disabled (Valid Only in New Modes) 
PREAMBLE 
LENGTH 
"7 
Bytes 
, 
Preamble 
Until CRS 
1 
Disabled 
PROMISCUOUS 
MODE 
0 
Address 
Filter On 
PADDING 
0 
No Padding 
SLOT TIME 
"512 
Bit Times 
SAVE BAD FRAME 
0 
Discards 
Bad Frames 
TRANSMIT 
ON NO CRS 
0 
Disabled 


NOTES 
1. This configuration 
setup is compatible 
with the IEEE 802.3 specification. 
2. The Asterisk 
"." 
signifies 
a new configuration 
parameter 
not available 
in the 82586. 


3. The default 
value of the Auto retransmit 
configuration 
parameter 
is enabled(1). 


4. Double 
Asterisk 
•••• " signifies 
IEEE 802.3 
requirements. 
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Multicast-Setup 


This command 
is used to load the 82596 with the Multicast·IDs 
that should be accepted. 
As noted previously, 
the filtering 
done 
on the 
Multicast·IDs 
is not perfect 
and some 
unwanted 
frames 
may be accepted. 
This 
command 
resets the current 
filter and reloads 
it with the specified 
Multicast·IDs. 
The format 
of the Multicast· 
addresses 
setup command 
is: 


31 
ODD WORD 
1615 
EVEN WORD 
0 


ELl 
S I1 
I X 
X 
X 
X 
X 
X 
X 
X 
X 
xlo 
1 
1 
cl 
B IOKI 
A 10 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


xlxl 
MC COUNT 
A15 
LINK OFFSET 
AO 


4th 
byte 
1st byte 


MUL TICAST 
AiDRESSES 
LIST 
, 


Nth byte 


Figure 26. MC Setup-82586 
and 32·Bit Segmented Modes 


31 
ODD WORD 
1615 
EVEN WORD 
0 


ELl S I 1 10 
0 
0 
0 
0 
0 
0 
0 
0 
010 
1 
1 I C I B IOKI 
A I 0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


A31 
LINK ADDRESS 
AO 


2nd 
byte 
1st byte I X I X I 
MC COUNT 


Nth byte 


MUL TICAST 
AiDRESSES 
LIST 


where: 


LINK ADDRESS, 
EL, B, C, I, S 


A 


Bits 19-28 


CMD (bits 16-18) 


MC·CNT 


MC LIST 


Figure 27. MC Setup-Linear 
Mode 


- 
As per standard 
Command 
Block (see the NOP command 
for details) 


- 
Indicates 
that the command 
was abnormally 
terminated 
due to a CU Abort control 
command. 
If one, then the command 
was aborted 
and if necessary 
it should 
be 
repeated. 
If this bit is zero, the command 
was not aborted. 


- 
Reserved 
(0 in both the 32-Bit Segmented 
and Linear Modes). 


- 
The MC SETUP command 
value: 3h. 


This 14-bit field indicates 
the number 
of bytes in the MC LIST field. The MC CNT 
7 


must be a multiple of the ADDR LEN; otherwise, 
the 82596 reduces the MC CNT to 
the 
nearest 
ADDR 
LEN multiple. 
MC CNT=O 
implies 
resetting 
the 
Hash 
table 
which is equivalent 
to disabling 
the Multicast 
filtering 
mechanism. 


- 
A list of Multicast 
Addresses 
to be accepted 
by the 82596. The least significant 
bit 
of each MC address 
must be 1. 


I 


NOTE: 
The list is sequential; 
i.e., the most significant 
byte of an address 
is immediately 
followed 
by the least signifi· 
cant byte of the next address. 


- 
When the 82596 
is configured 
to recognize 
multiple 
Individual 
Address 
(Multi·IA), 


the MC·Setup 
command 
is also used to set up the Hash table 
for the individual 
address. 


The least significant 
bit in the first byte of each lA address 
must be O. 
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Transmit 


This command 
is used to transmit 
a frame of user data onto the serial link. The format of a Transmit 
command 
is as follows. 


31 
ODD WORD 
1615 
EVENWORD 
0 


ELl S 1I 
I X 
X 
X 
X 
X 
X 
X 
X 
X 
X 11 
0 
o 
CIBI 
STATUS BITS 
I 
MAXCOLL 
0 


A15 
TBDOFFSET 
AOA15 
LINK OFFSET 
A04 


4th byte 
DESTINATIONADDRESS 
1st byte 8 


LENGTH FIELD 
6th byte 
12 


Figure 28. TRANSMIT -82586 
Mode 


31 
ODD WORD 
1615 
EVEN WORD 
0 


EL 
I 
S 
I 
I 
10 
0 
0lNCIsFI1 
0 
0 
C I BI 
STATUS BITS 
I 
MAXCOLL 
0 


A15 
TBDOFFSET 
AOA15 
LINK OFFSET 
A04 


0 
o 
0 
o 
0 
o 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 EOFI 0 I 
TCBCOUNT 
8 


4th byte 
DESTINATION ADDRESS 
1st byte 12 


LENGTH FIELD 
6th byte 
16 


c 
OPTIONAL DATA 


Figure 29. TRANSMIT -32-8It 
Segmented 
Mode 


, 


31 
ODD WORD 
1615 
EVEN WORD 
0 


EL 
I 
S 
1I 
01000lNCIsFI1 
0 
0 
C I B I 
STATUS BITS 
I 
MAXCOLL 
0 


~31 
LINK ADDRESS 
AO4 


~31 
TRANSMIT BUFFER DESCRIPTORADDRESS 
AO8 
o 
0 
000 
o 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 EOFI 0 I 
TCBCOUNT 
12 


4th byte 
DESTINATION ADDRESS 
1st byte 16 


LENGTH FIELD 
, 
6th byte 
20 


OPTIONAL DATA 


Figure 30. TRANSMIT-LInear 
Mode 


31 
COMMAND WORD 
16 


IELI S I I I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0lNCIsFI1 
0 
012 
t t 
0: No CRC Insertion disable; when the 
0: Simplified Mode, all the Tx data is in 
configure command is configured to 
the Transmit Command Block. The 
not insert the CRC during 
Transmit Buffer Descriptor Address 
transmission the NC bit has no effect. 
field is all 1s. 


1: No CRC Insertion enable; when the 
1: Flexible Mode. Data is in the TCB 
configure command is configured to 
and in a linked list of TBDs. 
insert the CRC during transmission 
the CRC will not be inserted when 
NC = 1. 
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where: 


EL, B, C,I, S 


OK (Bit 13) 


A (Bit 12) 


Bits 19-28 


CMD (Bits 16-18) 


Status Bit 11 


Status Bit 10 


Status Bit 9 


Status Bit 8 


Status Bit 7 


Status Bit 6 


Status Bit 5 


MAX-COL 
(Bits 3-0) 


LINK OFFSET 


TBDPOINTER 


DEST ADDRESS 


LENGTH 
FIELD 


TCBCOUNT 


EOF Bit 


- 
As per standard 
Command 
Block (see the Nap 
command 
for details). 


- 
Error free completion. 


- 
Indicates 
that the command 
was abnormally 
terminated 
due to CU Abort 
control 
command. 
If 1, then 
the command 
was aborted, 
and if necessary 
it. should 
be 
repeated. 
If this bit is 0, the command 
was not aborted. 


- 
Reserved 
(0 in the 32-bit Segmented 
and Linear modes). 


- 
The transmit 
command: 
4h. 


- 
Late collision. 
A late collision 
(a collision 
after the slot time is elapsed) 
is detected. 


- 
No Carrier 
Sense 
signal 
during 
transmission. 
Carrier 
Sense 
signal 
is monitored 
from the end of Preamble transmission 
until the end of the Frame Check Sequence 
for TONOCRS = 1 (Transmit 
On No Carrier Sense mode) it indicates 
that transmis- 
sion 
has been 
executed 
despite 
a lack 
of CRS. 
For TONOCRS = 0 (Ethernet 
mode), 
this 
bit also 
indicates 
unsuccessful 
transmission 
(transmission 
stopped 
when lack of Carrier Sense has been detected). 


- 
Transmission 
unsuccessful 
(stopped) 
due to Loss of CTS. 


- 
Transmission 
unsuccessful 
(stopped) 
due to DMA Underrun; 
i.e., the system 
did 
not supply data for transmission. 


- 
Transmission 
Deferred, 
i.e., transmission 
was not immediate 
due to previous 
link 
activity. 


- 
Heartbeat 
Indicator, 
Indicates 
that after a previously 
performed 
transmission, 
and 
before 
the most 
recently 
performed 
transmission, 
(Interframe 
~pacing) 
the CDT 
signal was monitored 
as active. This indicates 
that the Ethernet 
Transceiver 
Colli- 
sion 
Detect 
logic is performing 
properly. 
The 
Heartbeat 
is monitored 
during 
the 
Interframe 
Spacing 
period. 


- 
Transmisslon'attempt 
was stopped 
because 
the number of collisions 
exceeded 
the 
maximum 
allowable 
number of retries. 


- 
The number of Collisions 
experienced 
during this frame, Max Col = 0 plus S5 = 1 
indicates 
16 collisions. 


- 
As per standard 
Command 
Block (see the Nap 
Command 
for details) 


- 
In the 82586 and 32-bit Segmented 
modes this is the offset 
of the first Tx Buffer 
Descriptor 
containing 
the data to be transmitted. 
In the Linear mode this is the 32- 
bit address of the first Tx Buffer Descriptor 
on the list. If the TBD POINTER 
is all 1s 
it indicates 
that no TBD is used. 


- 
Contains 
the Destination 
Address 
of the frame. The least significant 
bit (MC) indi- 
cates the address 
type. 


MC = 0: Individual 
Address. 


MC = 1: Multicast 
or Broadcast 
Address. 


If the Destination 
Address 
bits are all 1s this is a Broadcast 
Address. 


- 
The contents 
of this 2-byte field are user defined. 
In 802.3 it contains 
the length of 


the data field. It is placed 
in memory 
in the same order it is transmitted; 
i.e., most 


significant 
byte first, least significant 
byte second. 


- 
This 14-bit counter 
indicates 
the number of bytes that will be transmitted 
from the 
Transmit 
Command 
Block, starting 
from the third byte after the TCB COUNT 
field 


(address n+12 
in the 32-bit 
Segmented 
mode, N+16 
in the Linear mode). 
The 
TCB COUNT field can be any number of bytes (including 
an odd byte), this allows 
the user to transmit 
a frame 
with a header 
having an odd number 
of bytes. The 
TCB COUNT field is not used in the 82586 
mode. 


- 
Indicates 
that 
the whole 
frame 
is kept in the Transmit 
Command 
Block. 
In the 
Simplified 
memory 
model it must be always asserted, 
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The interpretation 
of what is transmitted 
depends 
on the No Source Address 
insertion 
configuration 
bit and the 
memory 
model being used. 
. 


NOTES 


1. The 
Destination 
Address 
and the Length 
Field are sequential. 
The 
Length 
Field immediately 
follows 
the 
most significant 
byte of the Destination 
Address. 


2. In case the 82596 
is configured 
with 
No Source 
Address 
insertion 
bit equal 
to 0, the 82596 
inserts 
its 
configured 
Source 
Address 
in the transmitted 
frame. 


• 
In the 82586 mode, or when the Simplified 
memory 
model is used, the Destination 
and Length fields of the 
transmitted 
frame are taken from the Transmit 
Command 
Block. 


• 
If the FLEXIBLE 
memory 
model is used, the Destination 
and Length fields of the transmitted 
frame can be 
found either in the TCB or TBD, depending 
on the TCB COUNT. 


3. If the 82596 is configured 
with the Address/Length 
Field Location 
equal to 1, the 82596 does not insert its 
configured 
Source 
Address 
in the transmitted 
frame. 
The first 
(2 
X 
Address 
Length) + 2 bytes 
of the 
transmitted 
frame are interpreted 
as Destination 
Address, 
Source 
Address, 
and Length fields respectively. 
The location 
of the first transmitted 
byte depends 
on the operational 
mode of the 82596: 


• 
In the 82586 
mode, it is always the first byte of the first Tx Buffer. 


• 
In both the 32-bit Segmented 
and Linear modes 
it depends 
on the SF bit and TCB COUNT: 


- 
In the Simplified 
memory 
mode the first transmitted 
byte is always the third byte after the TCB COUNT 


. 
field. 


- 
In the Flexible 
mode, if the TCB COUNT 
is greater than 0 then it is the third byte after the TCB COUNT 
field. If TCB COUNT 
equals 0 then it is first byte of the first Tx Buffer. 


• 
Transmit 
frames 
shorter 
than six bytes are invalid. The transmission 
will be aborted 
(only in 82586 
mode) 
because 
of a DMA Underrun. 


4. Frames 
which 
are aborted 
during transmission 
are jammed. 
Such an interruption 
of transmission 
can be 
caused 
by any reason 
indicated 
by any of the status bits 8, 9, 10 and 12. 


Jamming Rules 


1. Jamming 
will not start before completion 
of preamble 
transmission. 


2. Collisions 
detected 
during transmission 
of the last 11 bits will not result in jamming. 


The format 
of a Transmit 
Buffer Descriptor 
is: 


82586 Mode 
31 
ODD WORD 
1615 
13 
EVEN WORD 
0 


I 
NEXT TBD OFFSET 
IEOFI 
X I 
SIZE (ACT COUNT) 
0 


Ix 
X 
X 
X 
X 
X 
X 
xl 
TRANSMIT 
BUFFER ADDRESS 
4 


32·Blt Segmented 
Mode 
31 
ODD WORD 
1615 
13 
EVEN WORD 
0 


I 
NEXT TBD OFFSET 
IEOFI 
0 I 
SIZE (ACT COUNT) 
lo 


I 
TRANSMIT 
BUFFER 
ADDRESS 


\ 
4 


Linear Mode 
31 
ODD WORD 
1615 
13 
EVEN WORD 
0 


0 
0 
0 
0 
0 
0 
0 
010 
0 
0 
0 
0 
0 
0 o IEOFI 
0 I 
SIZE (ACT COUNT) 
0 


NEXT TBD ADDRESS 
4 


TRANSMIT 
BUFFER 
ADDRESS 
B 


Figure 31 
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where: 


EOF 
- 
This bit indicates 
that this TBD is the last one associated 
with the frame 
being 
transmitted. 
It is set by the ·CPU before transmit. 


SIZE (ACT COUNT) 
- 
This 
14-bit quantity 
specifies 
the 
number 
of bytes 
that ·hold information 
for the 
current 
buffer. 
It is set by the CPU before transmission. 


NEXT TBD ADDRESS 
- 
In the 82586 and 32-bit Segmented 
modes, 
it is the offset 
of the next TBD on the 
list. In the Linear mode this is the 32-bit address 
of the next TBD on the list. It is 
meaningless 
if EOF = 1. 


BUFFER ADDRESS 
- 
The starting 
address 
of the memory 
area that contains 
the data to be sent. In the 


. 
82586 mode, this is a 24-bit address 
(A31-A24 
are considered 
to be zero). In the 


, 
32-bit Segmented 
and Linear modes this is a 32-bit address. 


TOR 


This operation 
activates 
Time Domain 
Reflectomet, 
which is a mechanism 
to detect 
open or short circuits 
on 
the link and their distance 
from the diagnosing 
station. 
The TOR command 
has no parameters. 
The TOR 
transmit 
sequence 
was changed, 
compared 
to the 82586, to form a regular transmission. 
The TOR bit stream 
is as follows. 


- 
Preamble 


- 
Source 
address 


- 
Another 
Source 
address 
(the TOR frame is transmitted 
back to the sending 
station, 
so DEST ADR = SRC ADR). 


- 
Data field containing 
7Eh patterns. 


- 
Jam Pattern, which is the inverse CRG of the transmitted 
frame. 


Maximum 
length of the TOR frame is 2048 bits. If the 82596 senses collision 
while transmitting 
the TOR frame 
it transmits 
the jam pattern 
and stops the transmission. 
The 82596 then triggers 
an internal 
timer (STC); the 


. timer 
is reset 
at the beginning 
of transmission 
and reset if CRS is returned. 
The timer 
measures 
the time 
elapsed from the start of transmission 
until an echo is returned. The echo is indicated 
by Collision 
Detect going 
active or a drop in the Carrier Sense signal. The following 
table lists the possible 
cases that the 82596 is able 
to analyze. 


Conditions 
of TOR as Interpreted 
by the 82596 
I 


Transceiver 
Type 
Ethernet 
Non Ethernet 
Condition 


Carrier Sense was inactive for 2048-bit-time 
Short or Open on the 
NA 
periods 
Transceiver 
Cable 


Carrier Sense signal dropped 
Short on the Ethernet 
cable 
NA 


Collision 
Detect went active 
Open on the Ethernet cable 
Open on the Serial Link 


The Carrier Sense Signal did not drop or the 
No Problem 
No Problem 
Collision 
Detect did not go active within 
2048-bit 
time period 


An Ethernet 
transceiver 
is defined 
as one that returns transmitted 
data on the receive 
pair and activates 
the 
Carrier Sense Signal while transmitting. 
A Non-Ethernet 
Transceiver 
is defined 
as one that does not do so. 
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The format 
of the Time Domain 
Reflectometer 
command 
is: 


82586 and 32-81t Segmented 
Modes 


31 
ODD WORD 
1615 
EVEN WORD 
0 


EL 
S 
I 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 11 
o 
1 cl B IOKI 0 
0 
o 
0 
0 
0 
0 
0 
o 
0 
0 
0 
0 


LNK XVR 
ET 
ETrl x I 
TIME 
A15 
LINK OFFSET 
AO 
OK 
PRB OPN SRT 
(11 bits) 


Linear 
Mode 
31 
ODD WORD 
1615 
EVEN WORD 
0 


ELl 
S II 
10 
0 
0 
000 
0 
0 
0 
011 
0 
1 I c I B IOKI 
0 
0 
o 
0 
000 
0 
0 
0 
0 
0 
0 


A31 
LINK ADDRESS 
AO 


000 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
o I LNK I XVR I 
ET I 
ET I X I 
TIME 
OK 
PRB 
OPN 
SRT 
(11 bits) 


where: 


LINK ADDRESS, 
EL, B, C, I,S 


A 


Bits 19-28 


CMD (Bits 16-18) 


TIME 


LNK OK (Bit 15) 


XCVR PRB (Bit 14) 


ET OPN (Bit 13) 


ET SRT (Bit 12) 


Figure 
32. TOR 


- 
As per standard 
Command 
Block (see the NOP command 
for details). 


- 
Indicates 
that the command 
was abnormally 
terminated 
due to CU Abort 
control 
command. 
If one, then the command 
was aborted, 
and if necessary 
it should 
be 
repeated. 
If this bit is zero, the command 
was not aborted. 


- 
Reserved 
(0 in the 32-bit Segmented 
and Linear Modes). 


- 
The TOR command. 
Value: 5h. 


- 
An t t-blt field that specifies 
the number of TxC cycles that elapsed 
before an echo 
was observed. 
No echo 
is indicated 
by a reception 
consisting 
of "1 s" only. 
Be- 
cause the network 
contains 
various elements 
such as transceiver 
links, transceiv- 
ers, Ethernet, 
repeaters 
etc., the TIME is not exactly 
proportional 
to the problems 
distance. 


- 
No link problem 
identified. 
TIME = 7FFh. 


- 
Indicates 
a Transceiver 
problem. 
Carrier Sense was inactive for 2048·bit 
time peri- 
od. LNK OK=O. 
TIME=7FFh. 


- 
The transmission 
line is not properly 
terminated. 
Collision 
Detect went active and 
LNK OK=O. 


- 
There is a short circuit on the transmission 
line. Carrier Sense Signal dropped 
and 
LNK OK=O. 
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DUMP 


This command 
causes the contents 
of various 82596 registers to be placed in a memory area specified 
by the 
user. It is supplied 
as a 82596 self-diagnostic 
tool, and to provide 
registers 
of interest 
to the user. The format 
of the DUMP command 
is: 


82586 and 32-Blt Segmented 
Modes 


31 
ODD WORD 
16 15 
EVEN WORD 
0 


IELI 
S 11 
I X 
x 
x 
x 
x 
x 
x 
x 
x 
X 11 
1 
o I c I B IOKI 
0 
0 
0 
0 
0 
0 
0 
o 
0 
0 
0 
0 
0 


IA15 
BUFFER 
OFFSET 
AoIA15 
LINK OFFSET 
AO 


Linear Mode 
31 
ODD WORD 
1615 
EVEN WORD 
0 


ELl 
S 11 
I X 
x 
x 
x 
x 
x 
x 
x 
x 
X 11 
1 
01 c I B IOKI 
0 
0 
0 
0 
0 
0 
0 
0 
0 
000 
0 


A31 
LINK ADDRESS 
AO 


A31 
BUFFER 
ADDRESS 
AO 


Figure 33. Dump 


where: 


LINK ADDRESS, 
EL, B, C, I, S 


OK 


Bits 19-28 


CMD (Bits 16-18) 


BUFFER POINTER 


- 
As per standard 
Command 
Block (see the NOP command 
for details). 


- 
Indicates 
error free completion. 


- 
Reserved 
(0 in the 32-bit Segmented 
and Linear Modes). 


- 
The Dump command. 
Value: 6h. 


- 
In the 82586 
and 32-bit Segmented 
modes 
this is the 16-bit-offset 
portion 
of the 
dump area address. 
In the Linear mode this is the 32-bit linear address of the dump 
area. 


Dump Area Information 
Format 


• 
The 82596 
is not Dump compatible 
with the 82586 
because 
of the 32-bit internal 
architecture. 
In 82586 
mode the 82596 will dump the same number of bytes as the 82586. 
The compatible 
data will be marked 
with an asterisk. 


• 
In 82586 
mode the dump area is 170 bytes. 


• 
The DUMP area format 
of the 32-bit Segmented 
and Linear modes is described 
in Figure 35. 


• 
The size of the dump area of the 32-bit Segmented 
and Linear modes 
is 304 bytes. 


• 
When the Dump is executed 
by the Port command 
an extra word will be appended 
to the Dump Area. The 
extra word is a copy of the Dump Area status word (containing 
the C, B, and OK Bits). The C and OK Bits 
are set when the 82596 
has completed 
the Port Dump command. 


7-103 


• 


inter 
82596CA 


15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 
. 


I 


DMA CONTROL 
REGISTER 
00 


CONFIGURE 
BYTES' 
3, 2 
02 
'The 
82596 
is not 
Dump 
compatible 
with 


, 


CONFIGURE 
BYTES' 
5,4 
04 
the 82586 
because 
of the 
32-bit 
internal 
ar- 


CONFIGURE 
BYTES' 
7,6 
06 


chitecture. 
In 
82586 
mode 
the 
82596 
will 
dump 
the 
same 
number 
of 
bytes 
as 
the 
-. 
CONFIGURE 
BYTES' 
9,8 
08 
82586. 


CONFIGURE 
BYTES' 
10 
OA 
"These 
bytes 
are 
not 
user 
defined, 
results 


I.A. BYTES 
1, 0' 
OC 
may 
vary 
from 
Dump 
command 
to 
Dump 


command. 


I.A. BYTES 
3, 2' 
OE 


, 
lA 
BYTES 
5, 4' 
10 


LAST T.X. STATUS' 
12 


T.X. CRC BYTES 
1,0' 
14 


T.X. CRC BYTES 
3, 2' 
16 


R.X. CRC BYTES 
1, 0' 
18 


R.X. CRC BYTES 
3, 2' 
lA 


R.X. TEMP 
MEMORY 
1, 0' 
; 
IC 


R.X. TEMP 
MEMORY 
3, 2' 
. lE 


R.X. TEMP 
MEMORY 
5, 4' 
20 


LAST RECEIVED 
STATUS' 
22 


HASH REGISTER 
BYTES 
1, 0' 
24 


HASH REGISTER 
BYTES 
3, 2' 
26 


HASH REGISTER 
BYTES 
5, 4' 
28 


HASH REGISTER 
BYTES 
7, 6' 
2A 


SLOT TIME COUNTER' 
2C 


WAIT TIME COUNTER' 
2E 


MICRO 
MACHINE" 
30 . 


REGISTER 
FILE 


60 BYTES 
6A 


, 
MICRO 
MACHINE 
LFSR" 
6C 


. 1/' 
MICRO 
MACHINE" 
6E 


FLAG ARRAY 


14 BYTES 
7A 


QUEUE 
MEMORY" 
7C 


CUPORT 
8 BYTES 
, 
82 


MICRO 
MACHINE 
ALU" 
84 


RESERVED" 
86 


M.M. TEMP 
A ROTATE 
R" 
88 


M.M. TEMP A" 
8A 


T.X. DMA BYTE COUNT" 
8C 
r 
,.' 
~ 
M.M. INPUT 
PORT ADDRESS" 
8E 


; 
T.X. DMA ADDRESS 
90 


M.M. OUTPUT 
PORT" 
. 
92 


R.X. DMA BYTE COUNT" 
94 


R.U. DMA ADDRESS" 
96 


M.M. OUTPUT 
PORT ADDRESS 
REGISTER" 
98 


RESERVED" 
9A 


BUS THROTILE 
TIMERS 
9C 


DIU CONTROL 
REGISTER" 
9E 


RESERVED" 
AO 


DMA CONTROL 
REGISTER" 
A2 


BIU CONTROL 
REGISTER" 
A4 


M.M. DISPATCHER 
REG." 
A6 


M.M. STATUS 
REGISTER" 
AB 


Figure 34. Dump Area Format-82586 
Mode 
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31 
0 


CONFIGURE 
BYTES 
5, 4, 3, 2 
00 


CONFIGURE 
BYTES 
9, 8, 7, 6 
04 


CONFIGURE 
BYTES 
13, 12, 11, 10 
08 


I.A. BYTES 
1, 0 
X 
X 
X 
X 
X 
X 
X 
X 
OC 


I.A. BYTES 
5, 2 
10 


TX CRC BYTES 
0, 1 
LAST r.x STATUS 
14 


RX CRC BYTES 
0, 1 
TX CRe 
BYTES 
3, 2 
18 
, 


RX TEMP 
MEMORY 
1, 0 
RX CRC BYTES 
3, 2 
lC 


R.X. TEMP 
MEMORY 
5, 2 
20 


HASH 
REGISTERS 
1, 0 
LAST R.X. STATUS 
24 


HASH 
REGISTER 
BYTES 
5, 2 
28 


SLOT TIME COUNTER 
HASH 
REGISTERS 
7, 6 
2C 


RECEIVE 
FRAME 
LENGTH 
WAIT-TIME 
COUNTER 
30 


MICRO 
MACHINE" 
34 
'The 
82596 
is not 
Dump 
compatible 
with 


the 82586 
because 
of the 32-bit 
internal 
ar- 


REGISTER 
FILE 
chitecture. 
In 
82586 
mode 
the 
82596 
will 
dump 
the 
same 
number 
of 
bytes 
as 
the 


82586. 
128 BYTES 
BO 
"These 
bytes 
are 
not 
user 
defined, 
results 


MICRO 
MACHINE 
LFSR" 
B4 
may 
vary 
from 
Dump 
command 
to 
Dump 


command. 


MICRO 
MACHINE" 
B8 


FLAG ARRAY 


28 BYTES 
DO 


M.M. INPUT PORT" 
D4 


16 BYTES 
EO 


MICRO 
MACHINE 
ALU" 
E4 


RESERVED" 
E8 


M.M. TEMP A ROTATE 
R." 
EC 


M.M. TEMP A" 
FO 


T.X. DMA BYTE COUNT" 
F4 


M.M. INPUT PORT ADDRESS 
REGISTER" 
F8 


T.X. DMA ADDRESS" 
FC 


M.M. OUTPUT 
PORT REGISTER" 
100 


R.X. DMA BYTE COUNT" 
104 


M.M. OUTPUT 
PORT ADDRESS 
REGISTER" 
108 


R.X. DMA ADDRESS 
REGISTER" 
10C 


RESERVED" 
110 


BUS THROTTLE 
TIMERS 
114 


DIU CONTROL 
REGISTER" 
118 


RESERVED" 
uc 


DMA CONTROL 
REGISTER" 
120 


BIU CONTROL 
REGISTER" 
124 


M.M. DISPATCHER 
REG." 
128 


M.M. STATUS 
REGISTER" 
12C 


Figure 35. Dump Area Format-Linear 
and 32-Blt Segmented 
Mode 
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Diagnose 


The Diagnose 
Command 
triggers 
an internal 
self-test 
procedure 
that checks 
internal 
82596 
hardware, 
which 
includes: 


• 
Exponential 
Backoff 
Random 
Number 
Generator 
(Linear Feedback 
Shift Register). 


• 
Exponential 
Backoff 
Timeout 
Counter. 


• 
Slot Time Period Counter. 


• 
Collision 
Number 
Counter. 


• 
Exponential 
Backoff 
Shift Register. 


• 
Exponential 
Backoff 
Mask Logic. 


• 
Timer Trigger 
Logic. 


This procedure 
checks 
the operation 
of the Backoff 
block, which 
resides 
in the serial side and is not easily 
controlled. 
The Diagnose 
command 
is performed 
in two phases. 


The format 
of the 82596 
Diagnose 
command 
is: 


ODD WORD 


X 
X 
X 
X 
X 
X 
X 
X 
X 


X 
X 
X 
X 
X 
X 
X 
X 
X 


ODD WORD 
0 0 0 0 0 0 0 


o 


o 
0 0 0 0 0 


AO 


AO 


EVEN WORD 
0 
o 
0 0 0 0 0 0 0 000 


Figure 36. Diagnose 


where: 


LINK ADDRESS, 
EL, B:C, I, S 


Bits 19-28 


CMD (bits 16-18) 


OK (bit 13) 


F (bit 11) 


- 
As per standard 
Command 
Block (see the NOP command 
for details). 


- 
Reserved 
(0 in the 32-bit Segmented 
and Linear Modes). 


- 
The Diagnose 
command. 
Value: 7h. 


- 
Indicates 
error free completion. 


- 
Indicates 
that the self-test 
procedure 
has failed: 
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RECEIVE 
FRAME DESCRIPTOR 


Each 
received 
frame 
is described 
by one 
Receive 
Frame 
Descriptor 
(see 
Figure 
37). Two 
new 
memory 
structures 
are available 
for the received 
frames. 
The structures 
are available 
only in the linear 
and 32-bit 
Segmented 
modes. 


Simplified Memory Structure 


The first is the Simplified 
memory 
structure, 
the data section 
of the received 
frame is part of the RFD and is 
located 
immediately 
after the Length Field. Receive 
Buffer Descriptors 
are not used with the Simplified 
struc- 
ture, it is primarily 
used to make programming 
easier. If the length of the data area described 
in the Size Field 
is smaller 
than the incoming 
frame, the following 
happens. 


1. The received 
frame is truncated. 


2. The No Resource 
error counter 
is updated. 


3. If the 82596 is configured 
to Save Bad Frames the RFD is not reused; otherwise, 
the same RFD is used to 
hold the next received 
frame, 
and the only action 
taken 
regarding 
the truncated 
frame 
is to update 
the 
counter. 


4. The 82596 continues 
to receive 
the next frame 
in the next RFD. 


L 
SCB 
RECEIVE FRAME AREA 
~ 
f-4 
RFD 1 


RFA 
STATUS 
STATUS .r 
STATUS tr 


STATUS tr 


POINTER 
I 
- 
- 
- 


STATISTICS 
- 


r-- 
- 
TO 
OMMAND 
RECEIVE 
VALID 
EMPTY 
EMPTY 
EMPTY 


BLOCK 
FRAME 
PARAMETERS 


LIST 
DESCRIPTORS 
L 


RBDl 
RBD2 
I 
RBD3 
RBD4 
RBD5 


01 ACT-cnt tr 


1 I ACT-cnt r 
01 ACT-cnt .r 01 ACT-cnt U- 
01 ACT-cnt Lr 
- 
- 
- 
- 
- 
RECEIVE 
BUFFER 
DESCRIPTORS 
, 
, 
, 
, 
,t 
.i 
L 
~ 
J- 
J- 


RECEIVE 
VALID 
VALID 


BUFFERS 
DATA 
DATA 
'--- 
'--- 
- 
'--- 
'--- 


BUFFER 
1 
BUFFER 2 
BUFFER 3 
BUFFER 4 
BUFFER 5 


~ 
RECEIVE FRAME LIST 
FREE FRAME LIST 


C 


290218-15 


Figure 37. The Receive 
Frame Area 
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Note 
that this sequence 
is very useful 
for monitoring. 
If the 82596 
is configured 
to Save 
Bad Frames, 
to 
receive in Promiscuous 
mode, and to use the Simplified 
memory structure, 
any programmed 
length of received 
data can be saved in memory. 


The Simplified 
memory 
structure 
is shown 
in Figure 38. 


:.-- 
RECEIVE 
FRAME 
liST ---l.~: 
••------- 
FREE FRAME 
LIST ---------l.~, 


SCB 


STATUS UTO COMMAND 
LIST 


CBl 
• 
RECEIVE 
FRAME 
AREA 
• 
POINTER 


RFA 
h 


FDl 
FD2 
FD3 
FOol 
POINTER 
tr 
tr 


STATUS 
I 


STATUS 
STATUS .r 
STATUS 
STATISTICS 
- 
- 
- 
I 
BUS 
I 
I 
THROTTLE 
I 
I 
I 
.---~--_. 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
RECEIVE 
VARIABLE 
I 
I 
I 
I 
I 
I 
FRAME 
DATA 
I 
EMPTY 
I 
I 
EMPTY 
I 
I 
EMPTY 
I 
DESCRIPTORS 
FIELD 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
.' 
I 
I 
I 
._----_. 
._----_. 
._----_ 
. 
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Figure 38. RFA Simplified 
Memory 
Structure 


Flexible Memory Structure 


The second 
structure 
is the Flexible 
memory 
structure, 
the data structure 
of the received 
frame 
is stored 
in 
both the RFD and in a linked list of Receive 
Buffers-Receive 
Buffer Descriptors. 
The received 
frame is placed 
in the RFD as configured 
in the Size field. Any remaining 
data is placed 
in a linked list of RBDs. 


The Flexible 
memory 
structure 
is shown 
in Figure 39. 
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SCB UTO 
COMMAND 
LIST 
,. 


STATUS 
~ 
RECEIVE 
FRAME 
AREA 
~ I 


CBl 
POINTER 
FDl 
FD2 
FD3 
FD4 


RFA 
STATUS 
STATUS f 


STATUS lJ 


STATUS 
~ 


POINTER 
I 
- 
- 
- 
STATISTICS 


I 
I 
- 
I-- 
- 
r- 


BUS 
I 
THROTTLE 
I 
CONTROL 
I 
I 
I 
I 
I 
I 
I 
I 
._-----_. 
FIELD 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
RECEIVE 
VARIABLE 
I 
EMPTY 
I 
I 
EMPTY 
I 
I 
EMPTY 
I 
FRAt.lE 
DATA 
I 
I 
I 
I 
I 
I 
I 


DESCRIPTORS 
FIELD 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
.----_ .. 
._----_ . 
._---- .. 
L 


RBDl 
RBD2 
I 
RBD3 
RBD4 
RBD5 
.r 
Uf 
Lr 
r 
tr 
- 
- 
- 
- 
- 


RECEIVE 
BUFFER 
T 
T 
T 
T 
T 
DESCRIPTORS 
J- 
J- 
J- 
J-. 
J- 


VALID 
EMPTY 
Et.lPTY 
Et.lPTY 


RECEIVE 
DATA 


BUFFERS 
I.....- 
I.....- 
I.....- 
'--- 
--- 
BUFFER 
1 
BUFFER 
2 
I 
BUFFER 
3 
BUFFER 
4 
BUFFER 
5 
.-+--- 
RECEIVE 
FRAME 
LIST 
~:~ 
FREE 
FRAME 
LIST 
.: 
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Figure 39. RFA Flexible 
Memory 
Structure 


Buffers 
on the receive 
side can be different 
lengths. 
The 82596 will not place more bytes into a buffer than 


indicated 
in the 
associated 
RBO. The 82596 
will fetch 
the next 
RBO before 
it is needed. 
The 82596 
will 
attempt 
to receive 
frames 
as long as the 
FBL is 'not exhausted. 
If there 
are no more 
buffers, 
the 82596 
Receive 
Unit will enter the No Resources 
state. Before starting the RU, the CPU must place the FBL pointer in 
• 
the RBO pointer field of the first RFO. All remaining 
RBO pointer fields for subsequent 
RFOs should be "1 s." If 
the Receive 
Frame Oescriptor 
and the associated 
Receive 
Buffers are not reused (e.g., the frame is properly 
received 
or the 82596 is configured 
to Save Bad Frames), the 82596 writes the address 
of the next free RBO 
to the RBO pointer field of the next RFO. 


Receive Buffer Descriptor 
(RBD) 


The RBOs are used to store received 
data in a flexible 
set of linked buffers. 
The portion 
of the frame's 
data 
field that is outside the RFO is placed in a set of buffers chained 
by a sequence 
of RBOs. The RFO points to 
the first RBO, and the last RBO is flagged 
with an EOF bit set to 1. Each buffer 
in the linked 
list of buffers 
related 
to a particular 
frame 
can be any size up to 2,4 bytes but must be word aligned 
(begin on an even 
numbered 
byte). This ensures 
optimum 
use of the memory 
resources 
while 
maintaining 
low overhead. 
All 
buffers in a frame are filled with the received 
data except for the last, in which the actual count can be smaller 
than the allocated 
buffer space. 
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31 
ODD WORD 
1615 
EVEN WORD 
0 


ELl S I x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
cl 
B IOKI 
0 I 
STATUS 
BITS 
10 
0 
0 
0 
0 
o 
0 


A15 
RBDOFFSET 
AO A15 
LINK OFFSET 
AO 4 


4th byte 
DESTINATION 
ADDRESS 
1st byte 8 


SOURCE 
ADDRESS 
6th byte 
- 
1st byte 
12 


6th byte 
4th byte 
. 
• 
16 
X 
X X 
X X 
X 
X X 
X X 
X 
X X 
X X 
X 
LENGTH 
FIELD 
20 


Figure 40. Receive 
Frame Descriptor-82586 
Mode 


31 
ODD WORD 
1615 
EVEN WORD 
0 


Ell 
S I 0 
0 
0 
0 
o 
0 
0 
0 
0 
o ISFI 0 
0 
0 
C 
I B IOKI 
STATUS 
BITS 
0 


A15 
RBDOFFSET 
AO A15 
LINK OFFSET 
AO 4 


0101 
SIZE 
EOFIFI 
ACTUAL 
COUNT 
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4th byte 
DESTINATION 
ADDRESS 
1st byte 12 


SOURCE 
ADDRESS 
tst byte 6th byte 
, 
16 


6th byte 
4th byte 
20 


LENGTH 
FIELD 
24 


OPTIONAL 
DATA AREA 


Figure 41. Receive 
Frame Descriptor-32-Blt 
Segmented 
Mode 
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EVEN WORD 
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0 
0 
0 
0 
0 
0 
0 
0 
o ISFI 
0 
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I B IOKI 
STATUS 
BITS 
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A31 
LINK ADDRESS 
AO 4 


A31 
RECEIVE 
BUFFER 
DESCRIPTOR 
ADDRESS 
AO 8 


0101 
SIZE 
EOFI F I 
ACTUAL 
COUNT 
12 
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DESTINATION 
ADDRESS 
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SOURCE 
ADDRESS 
1st byte 
6th byte' 
20 
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4th byte 
, . 
24 


LENGTH 
FIELD 
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OPTIONAL 
DATA AREA 


Figure 42. Receive 
Frame Descriptor-Linear 
Mode 
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where: 
EL 
S 
SF 


C 


B 


OK (bit 13) 


STATUS 


LINK ADDRESS 


RBDPOINTER 


EOF 
F 
SIZE 
ACT COUNT 
MC 
DESTINATION 
ADDRESS 
SOURCEADDRESS 


LENGTH FIELD 


- 
When set. this bit indicates that this RFD is the last one on the RDL. 


- 
When set. this bit suspends the RU after receiving the frame. 


- 
This bit selects between the Simplified or the Flexible mode. 


0- 
Simplified mode. all the RX data is in the RFD. RBD ADDRESS field is all 
"1s," 
1 - 
Flexible mode. Data is in the RFD and in a linked list of Receive Buffer De- 
scriptors. 


- 
This bit indicates the completion of frame reception. It is set by the 82596. 


- 
This bit indicates that the 82596 is currently receiving this frame. or that the 82596 
is ready to receive the frame. It is initially set to 0 by the CPU. The 82596 sets it to 
1 when reception set up begins. and to 0 upon completion. The C and B bits are 
set during the same operation. 


- 
Frame received successfully. without errors. RFDs with bit 13 equal to 0 are possi- 
ble only if the save bad frames. configuration option is selected. Otherwise all 
frames with errors will be discarded. although statistics will be collected on them. 
- 
The results of the Receive operation. Defined bits are. 
Bit 12: 
Length error if configured to check length 
Bit 11: 
CRC error in an aligned frame 
Bit 10: 
Alignment error (CRC error in misaligned frame) 
Bit 9: 
Aan out of buffer space-no 
resources 
Bit 8: 
DMA Overrun failure to acquire the system bus. 


Bit 7: 
Frame too short. 


Bit 6: 
No EOP flag (for Bit stuffing only) 
Bit 5: 
When the SF bit equals zero. and the 82596 is configured to save bad 
frames. this bit signals that the receive frame was truncated. Otherwise it 
is zero. 
Bits 2-4: 
Zeros 
Bit 1: 
When it is zero. the destination address of the received frame matches 
the lA address. When it is a 1. the destination address of the received 
frame did not match the individual address. For example. a multicast 
address or broadcast address will set this bit to a 1. 
Bit 0: 
Receive collision. a collision is detected during reception. 


- 
A 16-bit offset (32-bit address in the Linear mode) to the next Receive Frame 7. 
Descriptor. The Link Address of the last frame can be used to form a cyclical list. 


- 
The offset (address in the Linear mode) of the first RBD containing the received 
frame data. An RBD pointer of all ones indicates no RBD. 


- 
These fields are for the Simplified and Flexible memory models. They are exactly 
the same as the respective fields in the Receive Buffer Descriptor. See the next 
section for detailed explanation of their functions. 


- 
Multicast bit. 


- 
The contents of the destination address of the receive frame. The field is 0 to 6 
bytes long. 


- 
The contents of the Source Address field of the received frame. It is 0 to 6 bytes 
long. 


- 
The contents of this 2-byte field are user defined. In 802.3 it contains the length of 
the data field. It is placed in memory inthe 
same order it is received. i.e.• most 
significant byte first. least significant byte second. 
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NOTES 
1. The Destination 
address, 
Source 
address 
and Length fields are packed, 
i.e., one field immediately 
follows 
the next. 
2. The affect 
of Address/Length 
Location 
(No Source 
Address 
Insertion) 
configuration 
parameter 
while 
re- 
ceiving 
is as follows: 


- 
82586 
Mode: The Destination 
address, 
Source 
address 
and Length field are not used, they are placed 
ill 
the RX data buffers. 


- 
32-Bit Segmented 
and Linear Modes: when the Simplified 
memory 
model is used, the Destination 
address, 
Source 
address 
and Length fields reside in their respective 
fields in the RFD. When the Flexible 
memory 
strucrture 
is used the Destination 
address, 
Source address, and Length fie.ld locations 
depend 
on the SIZE 
field of the RFD. They can be placed in the RFD, in the RX data buffers, or partially 
in the RFD and the rest 
in the RX data buffers, 
depending 
on the SIZE field value. 
. 


82586 Mode 


31 
ODD WORD 
1615 
EVEN WORD 
0 


A15 
NEXT RBD OFFSET 
AolEOFI 
F I 
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COUNT 
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X 
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BUFFER 
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X 
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X 
X 
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X 
x I EL I X I 
SIZE 
8 


32-Blt 
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Mode 
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BUFFER 
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0 
0 
0 
o I EL I pi 
SIZE 
8 


Linear Mode 
31 
ODD WORD 
1615 
EVEN WORD 
0 
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0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
OIEOFI 
FI 
ACTUAL 
COUNT 
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NEXT RBD ADDRESS 
AO 4 
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RECEIVE 
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0 
0 
0 
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0 
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Figure 43. Receive 
Buffer Descrlptor 
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where: 


EOF 


F 


ACT COUNT 


NEXT BD ADDRESS 


BUFFER ADDRESS 


EL 
P 


SIZE 


- 
Indicates 
that this is the last buffer 
related 
to the frame. 
It is cleared 
by the CPU 


before starting 
the RU, and is written 
by the 82596 at the end of reception 
of the 
frame. 


- 
Indicates that this buffer has already been used. The Actual Count has no meaning 
unless the F bit equals one. This bit is cleared 
by the CPU before starting 
the RU, 
and is set by the 82596 after the associated 
buffer has been. This bit has the same 
meaning 
as the Complete 
bit in the RFD and CB. 


- 
This 
14-bit quantity 
indicates 
the number 
of meaningful 
bytes 
in the buffer. 
It is 
cleared 
by the CPU before 
starting 
the RU, and is written 
by the 82596 
after the 


associated 
buffer 
has already 
been 
used. 
In general, 
after 
the buffer 
is full, the 


Actual 
Count value equals the size field of the same buffer. 
For the last buffer of 
the frame, Actual 
Count can be less than the buffer size. 


- 
The offset 
(absolute 
address 
in the Linear mode) of the next RBD on the list. It is 
meaningless 
if EL = 1. 


- 
The starting 
address 
of the memory 
area that contains 
the received 
data. In the 


82586 
mode, this is a 24-bit address 
(with pins A24-A31 
= 0). In the 32-bit 
Seg- 
mented 
and Linear modes this is a 32-bit address. 
. 


- 
Indicates 
that the buffer associated 
with this RBD is last in the FBL. 


- 
This bit indicates 
that the 82596 has already prefetched 
the RBDs and any change 


in the RBD data will be ignored. 
This bit is valid only in the new 82596 
memory 
modes, 
and 
if this 
feature 
has 
been 
enabled 
during 
configure 
command. 
The 


82596 Prefetches 
the RBDs in locked cycles; after prefetching 
the RBD the 82596 


performs 
a write cycle where the P bit is set to one and the rest of the data remains 
unchanged. 
The CPU is responsible 
for resetting 
it in all RBDs. The 82596 will not 
check 
this bit before 
setting 
it. 


- 
This 14-bit quantity 
indicates 
the size, in bytes, of the associated 
buffer. This quan- 
tity must be an even number. 
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ELECTRICAL 
AND TIMING 
CHARACTERISTICS 


DC Characteristics 


Tc = 0°C-85°C. 
vcc = 5V ± 10% LE/BE 
have MOS levels (see VMll. VMIH)· 
All other signals 
have TIL 
levels (see Vll. 
VIH. VOL. VOH). 


Symbol 
Parameter 
Mln 
Max 
Units 
Notes 


Vll 
Input Low Voltage 
(TIL) 
-0.3 
+0.8 
~V 


VIH 
Input High Voltage 
(TIL) 
2.0 
vcc + o.~~~~~ V 


VMll 
Input Low Voltage (MOS) 
-0.3 
;4. +0.8~' 
V 


VMIH 
Input High Voltage 
(MOS) 
3.7, 
Vcc~+l6.3 
V 


VOl 
Output Low Voltage 
(TIL) 
-~ 
["\\d.4(' 
V 
IOl = 4.0 mA(1) 


Vcu, 
RXe. TXe Input Low Voltage 
~-0.5~ 
(0.6 
V 


VCIH 
RXC. TXC Input High Volta,,~~ 
~.3\J 
~cc+0.5 
V 


VOH 
Output High Voltage 
(TIL)t 
s2.4fl 
V , 
IOH = 0.9mA-1 
mA(1) 


lu 
Input Leakage Current 
~ 
.~ 
±15 
p.A 
0:5: VIN :5:vcc 


ILO 
Output Leakage Current 
~••.. 
j 
±15 
p.A 
0.45 < VOUT < vcc 


CIN 
Capacitance 
of InpufBuffer 
10 
pF 
FC = 1 MHz 


COUT 
Capacitance 
of Input/Output 
12 
pF 
FC = 1 MHz 
Buffer 


CClK 
CLK Capacitance 
20 
pF 
FC = 1 MHz 


tee 
Power Supply 
200 
mA 
At 25 MHz 


tee 
Power Supply 
300 
mA 
At 33 MHz 
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ACCharacteristics 


82596CA 
INPUT IOUTPUT 
SYSTEM 
TIMINGS 


Tc = 0·C-8S·C, 
VCC = SV ± 10%. These 
timing assume 
the CL on all outputs 
is SO pF unless 
otherwise 
specified. 
CL can be 20 pF to 120 pF however 
timings 
must be derated. 
All timing requirements 
are given in 
nanoseconds. 


25MHz 
Symbol 
, 
Parameter 
Notes 
Mln 
Max 


Operating 
Frequency 
, 
12.S MHz 
2SMHz 
1X ClK 
Input 


T1 
ClK 
Period 
40 
80 


T1a 
ClK 
Period Stability 
0.1% 
Adjacent 
ClK 
~ 


T2 
ClK 
High 
14 
--:A 
2.0V 


T3 
ClK 
low 
14 
.{(.f/ 
0.8V 


T4 
ClK 
Rise Time 
~~ 
0.8Vto 
2.0V 


TS 
ClK 
Fall Time 
'''''.\. 
AI'. W4 
2.0VtoO.8V 


T6 
BEn, LOCi<, and A2-A31 
Valid Delay 
t.. 1"- 
3 
~'" 
22 


T6a 
BLAST, PCHK Valid Delay 
'" 
"'!! 
•• 
:~V 
27 


T7 
BEn, lOCK, 
BLAST, A2-A31 
Flaat Delay 
•.•••3"7 
30 


T8 
WIR 
and ADS Valid Delay 
~ 
.. 
3 ., 
22 
, 


T9 
WIR and ADS Float Oelax 
, 
.~ 
30 


T10 
00-031, 
OPn Write ~ 
Vafid 
Delay 
~3 
22 


T11 
00-031, 
OPn Write Data Float Delay 
(;4" 
3 
30 


T12 
HOLD Valid Delay 
3 
22 


T13 
CA and BREQ Setup Time 
( tb,.•... 
7 
1,2 


T14 
CA and BREQ Hold Tiqte 
~"\)~ 
3 
1,2 


T1S 
BS16 Setup Time~ 
BJ•... 
8 
2 


T16 
BS16 Hold Time 
•. 
3 
2 


T17 
BROY, FIT.r(Se'tup Time 
8 
2 


T18 
BROY, arw Hold Time 
3 
2 


T19 
00-031, 
OPn READ Setup Time 
S 
2 


T20 
00-031, 
OPn READ Hold Time 
3 
2 


T21 
AHOlO 
and HlOA 
Setup Time 
10 
1,2 


T22 
AHOlO 
Hold Time 
3 
1,2 


T22a 
HlOA 
Hold Time 
3 
1,2 


T23 
RESET Setup Time 
10 
1,2 


T24 
RESET Hold Time 
3 
1,2 


T2S 
INT liNT 
Valid Delay 
1 
26 


T26 
CA and BREQ, PORT Pulse Width 
2T1 
1,2,3 


T27 
00-031 
CPU PORT Access Setup Time 
S 
2 


T28 
00-031 
CPU PORT Access 
Hold Time 
3 
2 


T29 
PORT Setup Time 
7 
2 


T30 
PORT Hold Time 
3 
2 


T31 
BOFF Setup Time 
10 
2 


T32 
BOFF Hold Time 
• 
3 
2 
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AC Characteristics 
(Continued) 


82596CA 
INPUT IOUTPUT 
SYSTEM 
TIMINGS 


TC = 0·C-B5·C, 
vcc = 5V ±5%. 
These 
timing 
assume 
the CL on all outputs 
is 50 pF unless 
otherwise 
specified. 
CL can be 20 pF to 120 pF, however 
timings 
must be derated. 
All timing requirements 
are given in 
nanoseconds. 


33MHz 
Symbol 
Parameter 
Notes 
Mln 
Max 


Operating 
Frequency 
12.5 MHz 
33 MHzt 
1X ClK 
Input 


T1 
ClK 
Period 
30 
a6~ 


T1a 
ClK 
Period Stability 
'<S:1 % 
Adjacent 
ClK 
6- 


T2 
ClK 
High 
. 
11 
2.0V 


T3 
ClK 
low 
C 
11 ~ 
O.BV 


T4 
ClK 
Rise Time 
•.W" 
~ •.•..'" 
3 
O.BVto 2.0V 


T5 
ClK 
Fall Time 
,~~~' 
~../ 
3 
2.0V to O.BV 


T6 
BEn, lOCK, 
and A2-A31 
V!illd.~ay 
'i~ 
3~ , 
19 


T6a 
BLAST, PCHK Valid Delay 
A- 
A 3' 
22 


T7 
BEn, lOCK, 
BLAST, ~::-AS1 
Floatt>elay 
I~. 
3 
20 


TB 
W/R 
and ADS V)lIiP''Detay 
~ 
.•. 1'1 
3 
19 


T9 
W/R 
and ADS F'~t 
DelayA. 
..•J'" 
3 
20 


T10 
DO-D31, 
DPn Write D5l.tt\t.Alid ~Iay 
3 
19 


T11 
DO-D31, 
DPn Writ~-6ata 
FloatEl)fay 
3 
20 


T12 
HOLD Valid Delay ~ 
3 
19 


T13 
CA and BF\I;Q Setup Time 
7 
1,2 


T14 
CA and ~Q 
Hold Time 
3 
1,2 


T15 
BS1ff&iJ~up Time 
6 
2 


T16 
BS16 Hold Time 
3 
2 


T17 
BRDY, RDY Setup Time 
6 
2 


T1B 
BRDY, RDY Hold Time 
3 
2 


T19 
DO-D31, 
DPn READ Setup Time 
5 
2 


T20 
DO-D31, 
DPn READ Hold Time 
3 
2 


T21 
AHOlD 
and HlDA 
Setup Time 
B 
. 
1,2 


T22 
AHOlD 
Hold Time 
3 
1,2 
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AC Characteristics 
(Continued) 


82596CA 
INPUT IOUTPUT 
SYSTEM 
TIMINGS 


CL on all outputs 
is 50 pF unless otherwise 
specified. 


All timing requirements 
are given in nanoseconds. 


,,' '- 
33MHz 
Symbol 
Parameter 
I., r Mln 
Notes 
Max 


T22a 
HLOA Hold Time 
.. -~ 
3 
1.2 


T23 
RESET Setup Time 
~' ..#, 
8 
1.2 


T24 
RESET Hold Time 
~~~. 
- \'»..•~. 
3 
1.2 


T25 
INT liNT 
Valid Delay 
~ 
1 
20 


T26 
CA and BREQ. PORi Pulse Width 
2T1 
1.2.3 


T27 
00-031 
CPU PORT Access Se!UP Time 
5 
2 _ 


T28 
00-031 
CPU POFnvAcces~old 
Time 
3 
2 


T29 
PORT Setup T!nfe 
'It 
\~ 
7 
2 


T30 
PORT Hold ;Tirrte 
3 
2 


T31 
BOFF Setup-Time 
8 
2 


T32 
BOFF Hold Time 
3 
2 


NOTES: 
1. RESET. 
HLDA. and CA are internally 
synchronized. 
This timing is to guarantee 
recognition 
at next clock 
for RESET. 
HLDA 
and CA. 
2. All set-up. 
hold and delay timings 
are at maximum 
frequency 
specification 
Fmax. and must be derated 
according 
to the 
following 
equation 
for operation 
at lower frequencies: 


Tderated 
= (Fmax/Fopr) 
x T 
where: 
Tderate 
= Specifies 
the value to derate 
the specification. 


Fmax = Maximum 
operating 
frequency. 
Fopr = Actual 
operating 
frequency. 


T = Specification 
at maximum 
frequency. 
This calculation 
only 
provides 
a rough 
estimate 
for derating 
the frequency. 
For more 
detailed 
information. 
contact 
your 
Intel Sales Office 
for the data sheet supplement. 


3. CA pulse width 
need only be 1 T1 wide if the set up and hold times 
are met; BREQ 
must meet setup and hold times 
and 
need only be 1 T1 wide. 


TRANSMIT IRECEIVE 
CLOCK 
PARAMETERS 


Symbol 
Parameter 
20MHz 
Notes 
.~'pln 
Max 


T36 
TxC Cycle 
..4. 
~, 
50 
1.3 


T38 
TxC Rise Time 
.f1t,...~ 
~ 
5 
1 


T39 
TxCFallTime 
~«>.-""'* .••" 
5 
1 


T40 
TxC High Time 
~ ..••.•~ V~, 
19 
1.3 


T41 
TxCLowTime 
~~T .n""'~i~'t-v 
18 
1.3 


T42 
TxO Rise Time 
~~ 
~.".,.,Y 
10 
4 


T43 
TxO Fall Time 
~~Y,..<J~ 
10 
4 


T44 
TxO Transition 
.~ 
20 
2.4 


T45 
TxC Low to TxO Valid 
25 
4.6 


T46 
TxC Low to TxD Transition 
25 
2.4 


T47 
TxC High to ThO Transition 
25 
2.4 


T48 
TxC Low to TxO High (At End of Transition) 
25 
4 
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TRANSMIT IRECEIVE 
CLOCK 
PARAMETERS 
(Continued) 


Symbol 
Parameter 
20MHz 
Notes 
Mln 
Max 


RTS AND CTS PARAMETERS 


T49 
TxC Low to RTS Low, 
25 
5 
Time to Activate 
RTS 


T50 
CTS Low to TxC Low, CTS Setup Time 
.•~O 


T51 
TxC Low to CTS Invalid, CTS Hold Time 
10 
.CI 
7 


T52 
TxC Low to RTS High 
, 
~ 
I' 
25 
5 


RECEIVE 
CLOC\< PARAMETERS 
~~ 
"'-..,,+ 


T53 
RXCCycle 
~'-r 
,. ,~O 
1,3 


T54 
RXC Rise Time 
.e ~V 
r-: I' A 
5 
1 


T55 
RXC Fall Time 
-•... ~) 
~Yf '-~~ 
5 
1 


T56 
RXC High Time 
I~' 
,.. 
V~ 
~ 
19 
1 


T57 
RXC Low Time .f'~'" 
&::-.~ ,~ 
18 
1 


RECEIVED 
DATA PARAMETEIit~ 
~~ 
ti...• 
- 


T58 
RXD Set~timt 
~AVY 
20 
6 


T59 
RXD Hold Ti;;'e 
1i~.i8~ 
10 
6 


T60 
RXD Rise Tim~A 
'V _.:st~ 
10 


T61 
RXDFaIlT~~) 
~- 
10 


CRS AND CDT PARAMETERS 


T62 
CDTJ.~to 
TXC HIGH 
20 


-External Collision 
Detect Setup Time 


T63 
'm High to CDT Inactive, CDT Hold Time 
10 


T64 
CDT Low to Jam Start 
10 


T65 
CRS Low to TXC High, 
20 
Carrier Sense Setup Time 


T66 
TXC High to CRS Inactive, CRS Hold Time 
10 
(Internal Collision 
Detect) 


T67 
CRS High to Jamming 
Start, 
12 


T68 
Jamming 
Period 
11 


T69 
CAS High to RXC High, 
30 
CRS Inactive Setup Time 


T70 
RXC High to CRS High, 
10 
CRS Inactive 
Hold Time 


.. 
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TRANSMIT IRECEIVE 
CLOCK 
PARAMETERS 
(Continued) 


Symbol 
Parameter 


INTERFRAME 
SPACING 
PARAMETERS 


T71 
Interframe Delay 


EXTERNAL 
LOOPBACK-PIN 
PARAMETER 


T72 
TXC Low to LPBK ow 


T73 
TXC Low to LPBR High 


NOTES: 
1. Special MOS levels. Veil = 0.9V and veIH~= 
2. Manchester only. 
3. Manchester. Needs 50% duty cycle. 
~ 


4.1 TIL load + 50 pF. 
~ 


5. 1 TIL load + 100 pF. 
&~ 


6. NRZ only. 
....." 


7. Abnormal end of transmission-CTS 
expires before RTS. 


8. Normal end to transmission. 
9. Programmable value: 


T71 = NIFS. T36 
where: NIFS = the IFS configuration value 
(if NIFSis less than 12 then NIFSis forced to 12). 


10. Programmable value: 


T64 = (NeDF. T36) + x» T36 
(If the collision occurs after the preamble) 
where: 
NeDF = the collision detect filter configuration value, 
and 
x= 
12,13, 14, or 15 
11. T68 = 32. T36 
12. Programmable value: 


T67 = (NCSF. T36) + x» T36 
where: NCSF= the Carrier Sense Filter configuration 
value, and 
x= 
12,13, 14, or 15 
13. To guarantee recognition on the next clock. 
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82596CA 
BUS OPERATION 


The following 
figures 
show the 82596CA 
basic bus cycle and basic burst cycle. 


Please refer to the 32-Bit tAN Components Manual. 


tlDLE 
T2 
T2 
tlDLE 
T1 
T2 
T1 
T2 
T1 
T1 


/ 
\,-~-...;,.......J/ 


, 
, 
, 
, 
, 
, 
CD 
CD 
CD c 
, 
, 
, 
, 
, 
, 
>---....•.. 
'-cCj)- ..... 
'--<O~-"'--'c:::>- 


LJ 
LJ 


READ 
WRITE 
WRITE 
READ 
290218-40 


Figure 
44. Basic 82596CA 
Bus Cycle 


IDLE 
T1 
T2 
T2 
T2 
T2 
tlDlE 


cue 
w 
, 
A31-A2 
W/R 
BEO-3 
x 
i 


_---'--LlJ 
\ 
c 


DATA 
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Figure 
45. Basic 
82596CA 
Burst 
Cycle 
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SYSTEM 
INTERFACE 
A.C. TIMING 
CHARACTERISTICS 


The measurements 
should be done at: 


• 
Tc = 0·C-S5·C, 
vcc = 5V ± 10%, C = 50 pF unless otherwise 
specified. 


• 
A.C. testing 
inputs are driven at 2.4V for a logic "1" 
and 0.45V for a logic "0". 


• 
Timing 
measurements 
are made at 1.5V for both logic "1" 
and "0". 


• 
Rise and Fall time of inputs and outputs 
signals are measured 
between 
O.SV and 2.0V respectively 
unless 
otherwise 
specified. 


• 
All timings 
are relative to ClK 
crossing 
the 1.5V level. 


• 
All A.C. parameters 
are valid only after 100 f.Ls from power 
up. 


2.4V 
~ 
1.5V Test Pointy--- 
0.45V~ 
~ 
290218-18 


290218-19 


Figure 46. ClK 
Timings 


Two types of timing specifications 
are presented 
below: 


1. Input Timing-minimum 
setup and hold times. 


2. Output Tlmlnqs=output 
delays and float times from ClK 
rising edge. 


Figure 47 defines 
how the measurements 
should be done: 


eLK 


1.5V 


LEGEND: 
Ts = Input Setup Time 
Th = Input Hold Time 
Tn = Minimum 
output 
delay or Mininum 
float delay 
Tx = Maximum 
output 
delay or Maximum 
float delay 


290218-20 


Figure 47. Drive levels 
and Measurements 
Points for A.C. Specifications 


Ts = T13, T15, T17, T19, T21, T23, T27, T29, T31 
Th = T14. T16. T18. T20, T22, T22a. T24. T28, T30, T32 
Tn = T6, T6a, T7, TS, T9, T10, T11, T12, T25 
Tx = T6, T6a, T7, TS, T9, T10, T11, T12, T25 
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INPUT 
WAVEFORMS 


elK 


290218-21 


BR Ea 
eA 


Figure 48. CA and BREQ Input Timing 


290218-22 


Figure 49. INT liNT 
Output Timing 


290218-23 


~u-u-u-u- 


T121 
tlr- 
~r-I_T-12~11 


I. 
T22,,"- 
_ 
r- T21-I-T22oj 
Borr 
CT31-I--T32:J 
A~~~~ -~-------'"'\X 
X~---- 


HOLD 


elK 


Figure 50. HOLD/HLDA 
Timings 


elK 


::::x__ 
~ 
290218-24 


031-00 
OP3-0PO 


Figure 51. Input Setup and Hold Time 
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ClK 
~ 
T6 
f--T60--r------1 


A3~BEn, 
•••.I~IMAX 
__ 
lOCK (T6) 
VALID n ~ 
n+l 


PCHK,BLAST (T60) 
r' 
I 
T8-1 
" 
____~I~ 
•.• 
AX 


VALlDn~n+l 
r-n0:i:!=l MAX " 


____ 
•••~ID 
DATA 


W/R, 
ADS 


DP3-DPO 
031-00 
(OUTPUT) 


n 
T2 
r- 


290218-25 


Figure 52. Output Valid Delay Timing 


CLK 


A31-A2. 
BEn 


LOCK, BLAST 
PCHK 


DP3-DPO 
031-00 
(OUTPUT) 


T7 


MIN 
MAX 
I FLOAT 
VALID 
n 


T9 


MIN 
MAX 
I 
FLOAT 
VALID 
n 


T11 


MIN 
MAX 
I 
FLOAT 
VALID 
n 


290218-26 


Figure 53. Output Float Delay Timing 


eLK 


00-031 


Figure 54. PORT Setup and Hold Time 


290218-27 
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RESET 


290218-28 


Figure 55. RESET Input Timing 


SERIAL AC TIMING CHARACTERISTICS 


3.0V 


0.9V 


~ 


T41 T57 
1+----'---T36 T53 
290218-29 


Figure 56. Serial Input Clock Timing 


CTS----------------------~ 


CRS 


no---, •• 
~!~~~ 
~I 
T_6_7=1,.------------------ 
v 
v 
, 
(NRZ) --_on,. 
.on,. 
••' 
\. 
.• 
_ 


-jT44r- 


TXO _··v.,··v'-'",•• - - - - ·'v-· "v--- - - - -,:------------------------------------ 
(MANCHESTER) 
_•• " •• ,,''. ••• 
'' •••• 
•.• " •••• ," •• 
' 
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Figure 57. Transmit Data Waveforms 


7-124 


82596CA 


46 


TXO 
- 
- 
- •• 
--- 
- •• 
- - 
- 
- 
- 
""-- 
.••••• ---------- 
•...... .. 
(NRZ) 
T43 
' 
.0"•• - - -- 


TJ(D~H 
r--\. 
T47 t..--~...~-------- 


(IoIANCHESTER) 
T4~ 
L 
"----ol.··---·L~ 


290218-31 


Figure 58. Transmit Data Waveforms 


T59+j 
-! I-T60. T61 


RXD 
__ 
--'x=x~------)( 
290218-32 


Figure 59. Receive Data Waveforms (NRZ) 


290218-33 


Figure 60. Receive Data Waveforms (CRS) 
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132 LEAD CERAMIC 
PIN GRID ARRAY 
PACKAGE 
INTEL TYPE A 


01.65F 


D? 
REF. 
S'it- 
··············1 
•••••••••••••• 
mr:::Ojm 
PIN C3 
.:: 
~ 
~ 
::: 
0 


--: 
<:: 
::: ~ 
• 
••• 
.. ..... e.. .. 
L e::::::::::. : ----.1 . 
I 
SWAGGE 


~:;~ 
REF. 
(:I~L) 
~:~; 
REF. 


45' CHAMFER 
45' CHAMFER 
BASE 
(INDEX 
CORNER) 
(3 
PL) 
PLANE 
mm (inch) 


SEATIN~ 
PLANE 


e B (ALL 
PINS) 


~~ 


SWAGGED 
PIN 
DETAIL 


290218-34 


Family: Ceramic 
Pin Grid Array Package 


Symbol 
Millimeters 
Inches 


Min 
Max 
Notes 
Min 
Max 
Notes 


A 
3.56 
4.57 
0.140 
0.180 


A1 
0.76 
1.27 
Solid Lid 
0.030 
0.050 
Solid Lid 


A2 
2.67 
3.43 
Solid Lid 
0.105 
0.135 
Solid Lid 


A3 
1.14 
1.40 
0.045 
0.055 


B 
0.43 
0.51 
0.017 
0.020 


D 
. 36.45 
37.21 
1.435 
1.465 


D1 
32.89 
33.15 
1.295 
1.305 


e1 
2.29 
2.79 
0.090 
0.110 


L 
2.54 
3.30 
0.100 
0.130 


N 
132 
, 
132 


S1 
1.27 
2.54 
0.050 
0.100 


ISSUE 
IWS 
10/12/88 
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Intel Case Outline Drawings 
Plastic Quad Flat Pack (PQFP) 
0.025 Inch (0.635mm) 
Pitch 


Symbol 
Description 
Min 
Max 
Min 
Max 
Min 
Max 
Min 
Max 
Min 
Max 
Mln 
Max 


N 
Leadcount 
68 
84 
100 
132 
164 
196 


f 


A 
Package 
Height 
0.160 
0.170 
0.160 
0.170 0.160 
0.170 
0.160 
0.170 
0.160 
0.170 
0.160 
0.170 


A1 
Standoff 
0.020 0.030 
0.020 
0.030 
0.020 
0.030 0.020 
0.030 
0.020 
0.030 
0.020 
0.030 


D,E 
Terminai 
Dimension 
0.675 0.685 
0.775 
0.785 
0.875 
0.885 
1.075 1.085 
1.275 
1.285 
1.475 
1.485 


01, E1 
Package Body 
0.547 
0.553 0.647 
0.653 
0.747 
0.753 
0.947 
0.953 
1.147 
1.153 
1.347 
1.353 


D2,E2 
Bumper Distance 
0.697 
0.703 
0.797 0.803 
0.897 
0.903 
1.097 
1.103 
1.297 
1.303 
1.497 
1.503 


D3,E3 
Lead Dimension 
0.400 REF 
0.500 REF 
0.600 REF 
0.800 REF 
1.000 REF 
1.200 REF 


D4,E4 
Foot Radius Location 
0.623 
0.637 
0.723 
0.737 0.823 
0.837 
1.023 
1.037 
1.223 
1.237 
1.423 
1.437 


L1 
Foot Length 
0.020 
0.030 
0.020 
0.030 0.020 
0.030 
0.020 
0.030 
0.020 
0.030 
0.020 
0.030 


Issue 
IWS Preliminary 
12/12/88 
INCH 


Symbol 
Description 
Min 
Max 
Min 
Max 
Min 
Max 
Min 
Max 
Min 
Max 
Min 
Max 


N 
Leadcount 
68 
84 
100 
132 
164 
196 


A 
Package 
Height 
4.06 
4.32 
4.06 
4.32 
4.06 
4.32 
4.06 
4.32 
4.06 
4.32 
4.06 
4.32 


A1 
Standoff 
0.51 
0.76 
0.51 
0.76 
0.51 
0.76 
0.51 
0.76 
0.51 
0.76 
0.51 
0.76 


D,E 
Terminal 
Dimension 
17.15 17.40 
19.69 
19.94 22.23 
22.48 
27.31 
27.56 
32.39 
32.64 
37.47 
37.72 


01, E1 
Package 
Body 
13.89 
14.05 16.43 
16.59 
18.97 
19.13 24.05 
24.21 
29.13 
29.29 
34.21 
34.37 


D2,E2 
Bumper Distance 
17.70 
17.85 20.24 20.39 
22.78 
22.93 
27.86 
28.01 
32.94 
33.09 
38.02 
38.18 


D3,E3 
Lead Dimension 
10.16 REF 
12.70 REF 
15.24 REF 
20.32 REF 
25.40 REF 
30.48 REF 


D4,E4 
Foot Radius Location 
15.82 
16.17 
18.36 
18.71 21.25 
21.25 
25.89 
26.33 
31.06 
31.41 
36.14 
36.49 


L1 
Foot Length 
0.51 
0.76 
0.51 
0.76 
0.51 
0.76 
0.51 
0.76 
0.51 
0.76 
0.51 
0.76 


Issue 
IWS Preliminary 
12/12/88 
mm 
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Figure 61. Principal Dimensions 
and Datums 
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Figure 62. Molded 
Details 
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Figure 63. Terminal 
Details 
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Figure 64. Typical 
Lead 
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REVISION 
HISTORY 


The 82596 
LAN Coprocessor 
data sheet. version -003 contains 
updates 
and improvements 
to previous 
ver- 


sions. 


1. Added 
Pin Cross Reference 
table. 


2. Added 
Bus Cycle figures. 
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80960 SOFrW ARE DEVELOPMENT SUPPORT 


280796-1 


COMPREHENSIVE SOFTWARE DEVELOPMENT SUPPORT 
FOR 80960EMBEDDED APPLICATIONS 


The most comprehensive 
development 
support for Intel's powerful 80960 microprocessor 
comes, naturally, 
from Intel. We have every tool you need, from debugger to performance 
simulator, 
to help you get started 
immediately 
on your 80960 design. All the tools 
described here were designed specifically for members 
of the 80960 family, allowing you 
to take full advantage 
of their RISC-based design. And all are supported 
on a variety of 
hosts, including 
PCs, VAX' minicomputers, 
HP' and Sun' 
workstations, 
so you can work 
in a familiar 
environment. 
You can even buy 80960 software tools in handy starter 
kits 
that make development 
more economical. 


SOFTWARE TOOLS AVAILABLE 


• Windowed, interactive, 
source-level DB- 
960 debugger 
• iC-960 highly optimizing C language 
compiler for high-level language 
software development 


• ASM-960 macro assembler 
for 
developing and tuning speed-critical 
code 
• EVA-960KB plug-in execution board for 
benchmarking 
performance, 
evaluating 
architecture, 
and developing and 
debugging application 
code on a PC AT' . 


•pc AT is a registered 
trademark 
of International 
Business 
Machines 
Corporation. 
VAX/VMS 
and MicroV AX/VMS 
are trademarks 
of Digital 
Equipment 
Corporation. 


VAX/ULTRIX and MICROVAX/ULTRIX are trademarks of Digital Equipment Corporation. 
Sun 3 is a trademark 
of Sun Microsystems. 
HP9000 
is a trademark 
of Hewlett 
Packard. 
AboveBoard 
is a trademark 
of Intel Corporation. 
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FEATURES 


• GEN-960 system generator 
for initializing 
your design to take advantage 
of 80960 on- 
chip features 
• SIM-960 performance 
simulator 
for 
benchmarking/evaluating 
80960CA 
performance 
• Starter 
kits for supporting 
a wide range of 
development 
needs 


SOURCE-LEVEL 
DEBUGGER 
The DB-960 Debugger with source-level debug 
capabilities 
is available 
for PC ATs equipped 
with DOS. DB-960 can debug 80960 code 
executing 
on an Intel EV A-960 Software 
Execution 
Vehicle or on a hardware 
target 
system via a serial interface. 
The EV A-960 
targeted 
debugger uses I/O resources 
pro~ded 
by the PC, while 80960 code executes at high 
speed on the EVA-960. Two serial versions of 
DB-960 are available. 
DB-96OCADIC plugs 
directly into the 80960CA socket on your 
prototype, 
offering a "plug-in and go" debug 
environment. 
DB-960D is a serial, retargetable 
version ofDB-960 whose system debug monitor 
can be customized for 80960KX or 80960CA 
operation. 


DB-960's powerful, windowed, source-oriented 
interface 
allows you to focus your efforts on 
finding bugs rather 
than on learning 
and 
manipulating 
the debug environment. 
Ease of learning. 
Drop-down menus make the 
debugger easy to learn for new or casual users. 
A command line interface 
allows direct 
command entry for solving more complex 
problems, improving 
productivity 
of 
knowledgeable 
users. 
. 


Extensive 
debug 
modes. 
You can set 
conditional 
breakpoints, 
pass points, and 
temporary 
breakpoints 
as needed. 


See into your 
program. 
Using pull-down 
menus or function 
keys, you can browse source 
and Call stacks, monitor processor registers, 
view screen output, and watch the values of 
variables 
change. 


Full debug 
symbolics 
for maximum 
productivity. 
You need not know whether 
a 
variable 
is an unsigned integer, a real, or a 
structure: 
the debugger displays program 
variables 
in their respective 
type formats. 


iC-960 COMPILER 


iC-960 is a highly optimizing C language 
compiler for the 80960 family of 
microprocessors. 
iC-960 supports 
the full C 
language 
as described in the Kernighan 
and 
Ritchie book, The C Programming 
Language 
(Prentice-Hall, 
1978). iC-960 includes standard 
ANSI extensions 
to the C language 
and is used 
in conjunction 
with ASM-960 for creating 
object code files, 


The iC-960 compiler supports 
a number 
of 
processor dependent 
optimizations 
including 
global register 
allocation, 
constant 
propagation, 
arithmetic 
identity 
folding, 
redundant 
load/store 
elimination, 
strength 
reduction 
and register 
allocation/scheduling 
of 
arguments. 
Processor independent 
. 
optimizations 
include common sub-expression 
elimination, 
folding of constant 
expressions, 
elimination 
of superfluous 
branches, 
removing 
unreachable 
code, tail recursion 
and procedure 
incorporation. 


iC-960 includes a standard 
C library with I/O 
functions 
and mathematical 
routines. 
A second 
library 
provides low level, environment- 
dependent 
routines 
emulating 
UNIX· 
system 
calls and supplies I/O routines 
for the EV A- 
960 Software Execution 
Vehicle. A third 
library provides floating point emulation 
for 
use with the 80960KA and 8096OCA. 


iC-960 also includes the following 
enhancements 
for embedded application 
development: 


Programs 
may be easily placed in ROM. 


Memory-mapped 
110 allows high-level 
language 
access to application-specific 
input 
and output. 


In-line 
assembly 
simplifies the integration 
of 
C language 
and assembly code for speed- 
critical functions. 


Floating 
point 
support 
produces in-line code 
to take full advantage 
ofthe 
floating point 
capability 
of the 80960KB and 80960MC. 


The DOS-hosted version requires 
a 2MB 
Above™Board. 
The EV A960-hosted version 
requires the 4MB board (EVA960KB4MB) and 
provides a significant 
compile-time 
speed 
improvement 
over the DOS-hosted version. 


Symbolic debugging of source code for iC-960 
and ASM-960 is provided by the DB-960 Source 
Level Debugger. 
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FEATURES 


ASM-960 MACRO 
ASSEMBLER 


The ASM-960 macro assembler 
is used to fine- 


tune sections of code for peak program 
execution 
speed on the 80960KA, 80960KB, 


80960MC, and 80960CA. ASM-960 does this by 
giving you absolute control over program 
instructions. 
In addition to the assembler 
and 
macro preprocessor, 
ASM-960 includes several 
utilities 
for application 
program 
maintenance 
and debug: 
• LINKER provides incremental 
program 
linking/locating 
and link-time 
optimization. 


• ARCHIVER allows you to build reusable 
function 
libraries 
for applications. 


• DISASSEMBLER 
produces assembly 
language 
from object files. 


• SYMBOL DUMPER provides symbolic 
information 
from a program 
file for 
facilitating 
low-level debug. 


• ROM IMAGE BUILDER produces a hex file 
suitable for PROM programmers. 


• MACRO PREPROCESSOR 
provides code 
generation 
flexibility and improves code 
readability, 
reducing maintenance 
costs. 


ASM-960 also supports 
the additional 
instructions 
supplied by the 8096OCA, 


including 
branch 
prediction. 
A Floating 
Point 
Arithmetic 
Library (FPAL) is included for the 
80960KA and 80960CA and eliminates 
the 
need to develop your own floating point code. 
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FEATURES 


EVA-960KB4MB SOFTWARE 
EXECUTION VEHICLE 


The EV A-960KB4MB is a software execution 
vehicle for the 80960KA/KB 
microprocessor. 
It 


,is a single PC AT plug-in board which provides 
easy and convenient 
architecture 
evaluation 
and benchmarking, 
as well as software 
development. 
Used in conjunction 
with the C- 


960E Compiler, the EVA-960KB4MB execution 
vehicle can compile C code 3-5 times faster 
than the PC AT. The EVA-960KB4B contains. 
the following: 
• 4MB of one wait-state 
program 
memory 


(DRAM) 
• 64K bytes of zero wait-state 
program 


memory (SRAM) 
• 


• Three-channel 
programmable 
interval 
timer 
• Hosted debug monitor which supports 
two 


hardware 
and 64 software breakpoints, 


single-step 
program 
execution, 
register 
and 
memory access, program 
download and 
upload. 
• DOS access libraries 
that allow: screen 
display, keyboard input, read and write disk 
files, and the ability to spawn a DOS process 
that could communicate 
with serial or 
parallel 
I/O. 


• 20 MHz operation, 
allowing software to 
operate 
at full speed of 80960KB 


EV A-960KB4MB also operates 
with the DB- 


960 Source Level Debugger for code 
development/ 
debug prior to target system 
availability. 


GEN-960 SYSTEM GENERATOR 


The 80960 System Generator 
(GEN-960) helps 
you set up data structures 
for standalone, 


embedded applications 
that use the on-chip 
features 
of the 80960 architecture. 
GEN-960 is 
used with other 80960 tools to generate 
and 
refine ROM or RAM code. GEN-960 supplies a 
set of command and template 
files containing 
assembly code and linker control commands 
to 
set up processor control blocks, inter-agent 
communication 
mechanisms, 
system procedure 
tables, and other requirements 
for 
initialization. 
The result is a batch file 
containing 
all the commands 
needed to 
compile, assemble and link the final target 
system. 
• Improves engineering 
productivity 
by 
automating 
the compilation, 
assembly and 
linking process 


• Supplies sample initialization 
code, reducing 
programming 
time 


• Saves engineering 
time by simplifying 
the 


task ofinitializing 
each processor for on-chip 


capabilities 


SIM-960CA PERFORMANCE 
SIMULATOR 


The SIM-960CA Performance 
Simulator 


emulates 
the instruction 
set ofthe 80960CA 


microprocessor. 
You can specify wait-states 


and clock speed assuring 
accurate 
simulation 


of code execution 
on your target system: Using 


SIM-960CA's trace capability, 
you can trace 


instruction 
execution 
and read/write 
activity 


at a particular 
location. Timing profiles of 


80960CA operations 
are accurate 
to within 
plus or minus 5%. Accurate 
estimates 
of actual 


80960CA code performance 
can thus be made 


without an 80960CA-based target. 


WORLDWIDE SERVICE, 
SUPP~RT,AND TRAINING 


To augment 
its development 
tools, Intel offers 


a full array of seminars, 
classes, and 


workshops, 
field application 
engineering 


expertise, 
hotline technical 
support and on-site 


service. 


Intel also offers a Software Support package 
which includes technical 
software information, 
telephone 
support, automatic 
distribution 
of 


software and documentation 
updates, 
access to 
the "Tool'I'alk" 
electronic bulletin 
board, 


iComments 
publication, 
remote diagnostic 
software, and a development 
tools 
troubleshooting 
guide. 


Intel's Hardware 
Support package includes 
technical 
hardware 
information, 
telephone 
support, warranty 
on parts, labor, material, 
and on-site hardware 
support. 


SOFTWARE DEVELOPMENT 
TOOLS 


ASM960 
Assembler 
package 
containing 
the assembler, 
linker/loader, 
macro 
preprocessor, 
archiver, 
ROM 
image builder, other object 
file utilities, 
and the 
80960KA/CA 
floating point 
arithmetic 
library. 
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80960 SOFTWARE DEVELOPMENT SUPPORT 


C960 
Optimizing 
C Compiler, with 
ANSI extensions 
for 
embedded control 
applications; 
contains 
standard 
STDIO libraries 
and in-line assembly 
capability. 
DOS version 
requires 
2 Mbyte 
AboveBoard. 


GEN960 
80960 System Generation 
software automates 
the 
compilation, 
assembly and 
linking process. Simplifies 
usage of 80960 sophisticated 
features. 


SIM960CA 
Performance 
Simulator 
software emulates 
the 
80960CA instruction 
set 
allowing performance 
benchmarking 
and "fine 
tuning" 
prior to hardware 
prototype 
availability. 


DB960KBDEV A Source Level Debugger 
software for the 80960KBI 
KA with powerful debug 
capabilities 
including 
conditional 
breakpoints, 


source and Call stack 
browsing, memory Iregister 
display and modification, 
and ability to watch 
variables 
change value. 
Requires EV A-960KB4MB 
Software Execution 
Vehicle. 


For PC AT hosted systems 
only. 


DB960D 
Retargetable 
Source Level 
Debugger software for 
80960KA/KB 
or CA 
processors resident 
on 
serially-interfaced 
hardware 
prototype 
systems. Includes 
customizable 
system debug 
monitor and serial interface 
protocol specifications. 
For 
PC AT hosted systems only. 


DB960CADIC 
In-Circuit 
Source Level 
Debugger for 80960CA only. 
Includes small card with 
80960CA processor, system 
debug monitor and serial 
interface. 
Plugs into 
80960CA socket on hardware 
prototype 
system. "Ready to 
use" equivalent 
of DB960D. 


For PC AT hosted systems 
only. 


EVA960KB4MB 
Software Execution 
Vehicle 
for 80960KA/KB. 
Includes 
4M byte of on-board memory, 
. system debug monitor and 
code download software. Can 
be used with C960E Compiler 
to accelerate 
compilation 
3- 


5X over PC AT alone. 
Required by 
DB960KBDEVA. 
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ARCHITECTURE EVALUATION 
STARTER KITS 


960SKit3 
Contains ASM960D Assembler 
and iC960D Compiler. 


960SKit3AB 
Same as 960SKit3 plus Intel 
Above™Board 
with 2M byte 
/" 


memory. 


960SKit4 
Contains ASM960M Assembler 
and C960M Compiler, hosted on 
Micro VAX/VMS. 
960SKit5 
Contains ASM960V Assembler 
and C960V C Compiler, hosted 
onVAX/VMS. 


Fast development 
kit contains 
EV A960KB4MB Software 
Execution 
Vehicle and C960E 
Software Execution 
Vehicle 
hosted C Compiler. 


Same as 960SKit6 plus 
ASM960D Assembler. 


Contains ASM960U Assembler 
and C960U C Compiler, hosted 
on Sun 3. 


960SKit6 


960SKit7 


960SKitS 


DB960KITl 
Kit contains 
DB-960KBDEV A 


(KB version ofDB-960 used with 
EV A-960) and EV A960KB4MB 
Software Execution 
Vehicle. 
Requires ASM960D and C960D 
or C960E and a PC AT with 
640K memory. 


DB960KIT2 
Kit contains 
DB-960KBDEV A 


(KB version of DB-960 used with 
EVA-960), EV A960KB4MB 
Software Execution 
Vehicle, 
ASM960D and C960E. Requires 
PC-AT with 640K memory. 


DB960KIT3 
Kit contains 
DB-960D (serial 
version ofDB-960 supporting 
80960KX and 80960CA, 
operating 
on PC AT/DOS), 
ASM960D and C960D. Requires 
PC AT with 640K memory. 


DB960KIT7 
Kit contains 
DB-96OCADIC (in- 


circuit version of DB-960 
supporting 
8096OCA, operating 
on PC AT/DOS), ASM960D and 
C960D, Requires PC AT with 
640K memory. 


For more information 
or the number 
of your 


nearest 
Intel sales office, call 800-548-4725 


(good in the U.S. and Canada). 


Product 
Code to order, by Host 


Product 
peAT/DOS 
EVA- 
VAX/VMS 
I"VAX/VMS Sun 3/ 
HP9000/ 
VAX/ 
I"VAX/ 


Category 
960KB 
UNIX 
HP-UX 
ULTRIX 
ULTRIX 


Assembler 
ASM960D 
- 
ASM960V 
ASM960M 
ASM960U 
ASM960H ASM960VX ASM960MX 
CCompiler 
C960D 
C960E C960V 
C960M 
C960U 
C960H 
C960VX 
960VX 
SystemGen 
GEN960D 
- 
GEN960V 
GEN960M 
GEN960U 
GEN960H 
- 
- 
KXDebugger 
DB960KBDEVA 
- 
- 
- 
- 
- 
- 
- 
DB960D 
- 
- 
- 
- 
- 
- 
- 
CA Debugger 
DB960CADIC 
- 
- 
- 
- 
- 
- 
- 
DB960D 
- 
- 
- 
- 
- 
- 
- 


CA Simulator 
SIM960CAD 
- 
SIM960CAV SIM960CAM SIM960CAU SIM960CH 
- 
- 
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B0960MC-BASED TARGET SYSTEM SUPPORTING EARLY 
SOFTWARE DEVELOPMENT AND BENCH MARKING 
EXV-960MC is a software execution 
vehicle designed to support 8096OMC-based designs. 
Users can use the EXV-960MC board to execute and debug their application 
software 


before a functional 
hardware 
prototype 
is available. 
The EXV-960MC is also designed 


with programmable 
waitstate 
SRAM to support benchmarking 
activities. 
The EXV- 


960MC is supported 
by the complete set ofIntel 
C, assembler 
and Ada code generation 


tools. Both of the VAX/VMS*-hosted 
80960MC software debuggers, 
the SDM-960MC 


system debug monitor and the Ada-960MC source-level 
debugger, can be used for 


debugging software running 
on the EXV-960MC. 


EXV-960MC includes a Multibus 
I form factor board and a set of SDM-960MC target 


monitor EPROMS. The SDM-960MC and the Ada-960MC debugger are preconfigured 
to 


support the EXV-960MC execution 
environment. 
Designers can select the software 


debugger best suited to their development 
needs. The Ada-960MC debugger is a source- 


level symbolic debugger which provides a productive 
debugging environment 
for Ada 


applications. 
The SDM-960MC debug monitor offers a complete debugging facility for 


applications 
written 
in C, assembler 
or Ada. 


·V AX/VMS 
is a trademark 
of Digital 
Equipment 
Corp. 
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December 
1990 
Order 
Number: 
280879-002 


SDM-960MC 
RETARGETABLE 
SYSTEM DEBUG 
MONITOR 


FEATURES 
• 25 MHz 80960MC processor 
• 256 Kbytes of (0,0,0,0) programmable 
wait-state 
SRAM 
• 4 Mbytes dual-ported 
(3,1,1,1) wait-state 
DRAM 
• iSBXTM interface 
• Two serial ports, one bi-directional 
parallel 
port 
• 8254 programmable 
interval 
timer 
• 8259A programmable 
interrupt 
controller 


ELECTRICAL CHARACTERISTICS 


lOA 
@ 
+5V 


50mA 
@ +12V 


50mA 
@ -12V 


ENVIRONMENTAL CHARACTERISTICS 


Operating 
temperature: 
0° to + 60°C (32" to 1400F), 300 LFM 


Operating 
Humidity: 
10% to 90% non-condensing 


SOFTWARE DEBUGGING SUPPORT 


The SDM-960MC is a VAX/VMS·-hosted 
system debug monitor that provides a complete, flexible 
environment 
to execute and debug 80960MC-based applications. 
Users can tailor the execution 
environment 
as software development 
evolves. Initially, 
the application 
may require the full 
support 
of the system debug monitor to establish 
a run-time 
environment. 
As the application 
evolves, the SDM-960MC allows the application 
to take more of the responsibility 
for system 
functions. 


The default execution 
environment 
of the SDM-960MC is the EXV-960MC execution 
vehicle. The 
VAX-hosted portion of the SDM-960MC debug monitor provides complete on-target 
debugging 
support 
through 
its interface 
with the target-resident 
portion of the SDM-960MC. To facilitate 
debugging on a user's custom target system, the SDM-960MC includes source and object files 
necessary 
to reconfigure 
the target monitor. SDM-960MC and other 80960MC development 
tools 
allow the developers 
to take full advantage 
ofthe 
80960MC processor. 


FEATURES 


• assemble and disassemble 
80960MC 
instructions 
• single step program 
execution 
• access to memory and processor resources 
• support 
64 execution breakpoints 
• issue Interagent 
Communications 
(IACs) 
• powerful execution 
trace 
• serial download 


HARDWARE REQUIREMENTS 


• a serial interface 
• 25 Kbytes of EPROM 
• contiguous 
50 Kbytes of RAM 


WORLDWIDE SERVICE AND 
SUPPORT 


Intel augments 
its 80960 architecture 
family 
development 
tools with a full array of 
seminars, 
classes, and workshops; 
on-site 
consulting 
services and telephone 
support 
are 
available 
at all stages of development. 


ORDERING INFORMATION 
Product 
Code 


EXV960MC 
Description 


80960MC execution 
vehicle 
(board and target EPROM) 


VAX, Micro VAX/VMS 
hosted System Debug 
Monitor, retargetable 
source 
is included 


SDM960MC 
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IN-CIRCUIT EMULATOR FOR THE 80960KA AND 80960KB 
MICROPROCESSORS 


The ICETM-960KB In-Circuit Emulator 
delivers real-time 
hardware 
and software 
debugging capabilities 
for 80960KA/KB-based 
designs. Features 
include emulation 
of the 
80960KA/KB 
microprocessors, 
powerful breakpoint 
specification, 
fastbreaks, 
optional 
relocatable 
expansion 
memory, two types oftrace 
capability, 
large trace buffering 
and 
sophisticated 
human 
interface. 
The ICE-960KB In-circuit 
Emulator 
gives you unmatched 
control over all phases of hardware/software 
debug, including 
developing, integrating 
and testing, which improves development 
productivity 
and improves time to market. 


FEATURES 


• Real-Time Emulation 
of the 80960KA/ 
KB microprocessors 
up to 20 MHz (25 
MHz Optional) 
• Full Symbolic Information 
relating 
to 
Code and Data 
• Optional ICE960KBREM 
board provides 
2 Mbytes of ICE memory which can 
overlay user ROM or RAM. 


• Zero wait-state 
operation 
from user 
memory 
• Examine 
and modify Memory and the 
80960 Registers 


• Breakpoint 
capabilities 
include: 
Execution 
Address, Instruction 
Type, 
Bus Read/Write/Access, 
and Data 
Value. Qualification 
of Events is based 
on an Occurrence 
Counter and an 8 state 
State-Machine 
• Hosted on IBM PC AT or compatible 
• Dynamically 
monitor or update program 
variables 
or memory during emulation 
with Fastbreaks 
• 1024 Frame Trace Buffer for execution 
and/ or Bus Trace and Time Tags 
• 256 Kbytes of Memory in Standalone 
Self-Test (SAST) Unit 
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FEATURES 


The ICE-960KB In-Circuit 
Emulator 
provides 
emulation 
of the 80960KA/KB 
at speeds up to 
20 MHz (25 MHz optional), thus providing 
early detection 
of subtle timing problems that 
may arise at full speed. Intel's intimate 
knowledge of the component 
makes possible 
the tightest 
possible conformance 
between 
timing parameters 
of the emulator 
and the 
target microprocessor. 


PROCESSOR/MEMORY 
EXAMINATION AND 
MODIFICATION 


The 80960KA/KB 
registers 
can be accessed 
mnemonically 
(e.g. g12, r5, fp3) with the ICE- 


960KB emulator 
software. Data can be 
displayed or modified in one of four bases 
(hexadecimal, 
decimal, octal, or binary) and by 
data type (byte, word, etc). Program 
memory 
contents 
can be disassembled 
and displayed as 
80960 assembly instruction 
mnemonics. 
Additionally, 
80960 assembly instruction 
mnemonics 
can be assembled 
and stored into 
program 
memory. 


PROGRAM TRACING 


The rCE-960KB emulator 
can store 1024 
frames of program 
execution 
history or 1024 
frames of the 80960KA/KB 
address/data 
bus 
activity in the trace buffer. Each frame of 
program 
execution 
contains 
a discontinuity 
address (branch, call, return, 
etc) and a time- 


tag. This information 
can be used to 
reconstruct 
a history of the program 
execution. 


With the execution 
trace option enabled, the 
ICE-960KB will run at less than full speed. 
Each trace frame of bus cycles contains one 
complete bus burst trace. Collection oftrace 
information 
is controlled 
by a logic analyzer 
type moving trace window and by bus access 
type. 


EVENT RECOGNITION 
(BREAKPOINT CONTROL) AND 
EMULATION CONTROL 


ICE-960KB provides comprehensive 
event 
recognition 
capabilities 
including: two 
hardware 
and thirty-two 
software breakpoints 
for instruction 
execution breakpoints, 
and use 
of the internal 
debug registers 
to recognize 
execution 
of certain 
instruction 
types such as 
branch 
or call instructions. 
Bus analysis logic 
provides recognition 
of external 
bus addresses 
qualified by read, write, or access type as well 
as data values which may be entered 
as 
masked values. Two synchronization 
lines are 


provided for recognition 
of external 
events. 
ICE-960KB also provides qualification 
of 
events based on an occurrence 
counter 
or by a 
recognition 
sequence of up to 8 events. 
Additionally, 
emulation 
can be automatically 
stopped when the trace buffer is full. Besides 
the ability to execute program 
code at full 
speed between specified points, the ICE-960KB 
emulator 
provides the capability 
to single-step 
through 
program 
code. 


RELOCATABLE EXPANSION 
MEMORY 


An optional board provides ICE-960KB with 2 
Mbytes of :relocatable expansion 
memory 
which allows users to develop applications 
either before the target system memory is 
working, or in place of ROM or EPROM to 
speed the debugging cycle. This memory can be 
mapped in two separate 
1 Mbyte partitions 
on 
1 Mbyte boundaries. 
The memory waitstate 
pattern 
is (3,1,1,1) when the users system does 
not return 
RDY 11 for accesses directed to the 
ICE960KBREM 
board. For accesses where the 
user system does return 
RDY 11 for these areas, 
the waitstate 
pattern 
will be the larger of 
(3,1,1,1) or user waitstate 
pattern 
plus (2,2,2,2). 


The size and shape of the board is identical 
to 
the ICE probe and is installed 
between the 
probe and the user's target system when in 
use. The memory configuration 
can be mapped 
via either an ICE MAP command or via 
switches on the ICE960KBREM 
board. 


The ICE-960KBREM card adds some 
constraints 
when used with the ICE in a users 
target 
system. First, users should qualify bus 
drivers/buffers 
with DEN 11 in order to 
eliminate 
potential 
bus conflict between 
REM960 and their target memory, Second, the 
1M Byte partition 
size can not be reduced and 
may effect the design of the users memory 
subsystem. 
Third, ICE960KBREM 
delays the 
ADS 11 and DEN 11 signals by 5 ns (typical) and 
delays the RDY 11 signal by 2 ns (typical). 
Fourth, 
it adds loading, capacitance, 
and power 
requirements 
as shown in tables 3 and 4. 


STANDALONE OPERATION 


Product software can be developed and 
debugged prior to and independent 
of 
hardware 
availability 
with the Standalone 
Self 
Test unit (SAST), which contains 
256 Kbytes of 
two wait-state 
program 
memory. The SAST 
also provides diagnostic 
testing to assure full 
functionality 
ofthe ICE-960KB emulator. 
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HOST REQUIREMENTS 
IBM PC AT (minimum requirements) 
with 640 
KB of conventional memory 
1 MB of RAM (Lotus, Intel, Microsoft expanded 
memory specification) 
20 MB Fixed Disk 
At least one 5-'1." Floppy Disk drive 
A serial interface 
OOS Operating system (version 3.2 or later 
excluding 4.x) 


FEATURES 


VERSATILE AND POWERFUL 
HOST SOFTWARE 
ICE-960KB provides an easy-to-use human 
interface which utilizes color and pull-down 
menus to complement a powerful command 
set. The software includes: an on-line help 
facility, a dynamic command entry and syntax 
guide, screen oriented editor, assembler and 
disasembler, input/output 
redirection, 
command piping, DOS command entry, and 
the ability to customize the command set via 
debug procedures and literal definitions. 


DEBUG PROCEDURES AND 
LITERALS 
Debug procedures (PROCs) are user-defined 
groups of ICE-960KB emulator commands. 
They can be stored on disk and recalled during 
later debugging sessions. PROCs can be used to 
simplify the process of debugging by grouping 
repetitive emulator commands, which can then 
be accessed by typing the name of the PROC. 
Literals are user-defined abbreviations 
for 
whole or partial ICE-960KB emulator 


MECHANICAL SPECIFICATIONS 


commands. Literals are a shorthand 
method of 
customizing the emulator commands to fit 
your needs and preferences. 


WORLDWIDE SERVICE, 
SUPPORT, AND TRAINING 


To augment its development tools, Intel offers 
a full array of seminars, classes, and 
workshops, field application engineering 
expertise, hotline technical support, and on- 
site service. 


Intel also offers a Software Support package 
which includes technical software information, 
telephone support, automatic distribution 
of 
software and documentation 
updates, access to 
the "Tool'I'alk" electronic bulletin board, 
"iComments" 
publication, remote diagnostic 
software, and a development tools 
troubleshooting 
guide. 


Intel's Hardware Support package includes 
technical hardware information, 
telephone 
support, warranty 
on parts, labor, material, 
and on-site hardware support. 


REQUIRED SYSTEM 
RESOURCES 
The ICE-960KB emulator requires the 
following: a) exclusive use ofthe 80960KA/ 
KB's on-chip debug registers and b) a 
minimum of 256 bytes of target system RAM 
used to flush the 80960 local registers. 


TABLE 1. ICE-960KB Emulator 
Physical 
Characteristics 


Width 
Height 
Length 
Weight 
Unit 
Inches 
cm 
Inches 
cm 
Inches 
cm 
lbs 
kg 


Control unit 
10.5 
26.7 
1.5 
3.8 
16.0 
40.6 
6.0 
2.72 
Processor module" 
3.8 
9.6 
1.5 
3.8 
5.0 
12.7 
SAST 
6.0 
15.2 
2.0 
5.1 
8.0 
20.3 
3.5 
1.59 
OIB 
3.8 
9.6 
.9 
2.3 
5.1 
13.0 
Power supply 
2.8 
7.1 
4.2 
10.7 
11.0 
27.9 
4.7 
2.14 
User cable 
22.0 
55.9 
Serial cable 
12.0ft. 
3.66m 


"measurement 
includes target adaptor 
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Figure 1: Processor Module Dimensions 
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Figure 2: Optional Isolation Board 
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ELECTRICAL SPECIFICATIONS 


SYNC Line Specification 
The SYNCIN line must be valid for at least one 
instruction 
cycle because it is only sampled on 
instruction 
boundaries. 
The SYNCIN line is a 
standard 
TTL input. The SYNCOUT line is 
driven by a TTL open collector with a 4.75K- 
ohm pull-up resistor. 


TABLE 
2. AC Specifications 
With The 
OIB 
Installed 


Symbol' 
Parameter 
Minimum 
Maximum 


t2 
clock low time 
t2+ InS 


t3 
clock high time 
t3+ Ins 


t6 
output 
valid delay 


AID 0:31 
t6+8ns 
t6+16Ns 


DT/R#.DEn#. 


BE0-3#. 
ADS # • 


W/R# 
t6+7nS 
t6+ 14ns 


HLDA. CACHE. 


LOCK # •INTA # 
t6+6ns 
t6+8nS 


ALE # 
t6+ IOnS 
t6+20nS 


t7 
' ALE# 
width 
t7-6,5nS 


t8 
ALE# 
disable delay 
t8+nS 
t8+ 14nS 


t9 
output 
float delay 


A/DO:31 
t9+5nS 
t9+22nS 


DT/R#. 
DEN#. 


BE0-3#. 
ADS#. 


W/R# 
t9+7nS 
t9+ 15ns 


HLDA. CACHE. 


LOCK#.INTA# 
t9+6nS 
t9+8nS 


tlO 
input setup 
1 


A/DO:31 
tlO+ 2nS 


BADAC#.INTO-3# 


deassertion 
tlO+ 
14nS 


tU 
input 
hold 


AID 0:31. HOLD 
tU +6nS 


BADAC#.INTO-3#. 


READY # 
tU +7nS 


tl6 
reset setup time 
tl6+6 


'symbol refers to 80960KB specification 


ACIDC Specifications 
The Optional Isolation Board (OIB) isolates the 
ICE-960KB probe from an untested 
user target 
system. When the OIB is in use, the ICE-960KB 
AC and DC specifications 
differ from the 
80960KA/KB 
microprocessor 
as shown below. 


When the OIB is not installed, 
the ICE-960KB 
specifications 
are identical 
to those of the 
80960KA/KB 
component. 


TABLE 
3. ICE-960KB 
Emulator 
DC 


Specifications 


Symbol' 
Parameter 
Maximum 


PM·Icc 
Supply current 
1400mA 


with 80960KE-20 


OIE-Icc 
Supply current 
PM·lcc 
+ 


UOOmA 


REM·lcc 
Supply current 
PM·lce 
+ 


1300mA (1700 


Total Typical) 
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TABLE 4. Additional 
DC Loading 


(without 
(with 
(with 
OIB installed) 
OIB installed) 
REM installed) 
Iih 
Iil 
Iih 
Iil 
Iih 
Iil 
Signal 
Maximum 
Maximum 
Maximum 
Maximum 
Maximum 
Maximum 


AD (0:31) 
lOOuA 
0.6mA 
20uA 
-lmA 
120uA 
0.7mA 
ADS # 
140uA 
1.6mA 
20uA 
-lmA 
Driven by 74AS760 
DEN # 
40uA 
l.OmA 
20uA 
-lmA 
w/ 4.7k pull-up 
W/R# 
140uA 
1.6mA 
20uA 
-lmA 
150uA 
l.7mA 
CLK2 
SOuA 
2.2mA 
50uA 
-2mA 
130uA 
2.9mA 
RESET 
50uA 
-2mA 
250uA 
0.3mA 
BE (0:3)# 
20uA 
-lmA 
10uA 
O.lmA 
READY # 
20uA 
-lmA 
750uA 
0.8mA 
ALE # 
20uA 
-lmA 
20uA 
0.5mA 
DT/R# 
20uA 
-lmA 
INTO # , INT3 # 
20uA 
-lmA 
INTI,INT2 
20uA 
-lmA 
BADAC# 
20uA 
-lmA 
LOCK # 
20uA 
-lmA 
HOLD 
20uA 
-lmA 
FAILURE # 
20uA 
-lmA 


POWER SUPPLY 
lOO--l20V or 220--240V (Selectable) 
50--60Hz 
2 amps (AC Max) @ 120V 
I amp (AC Max) @ 240V 


ORDERING INFORMATION 


Operating Humidity 
Maximum 85% 
Relative Humidity, 
non-condensing 


Order 
Code 
Description 
ICE960KB 
The complete 20 MHz ICE- . 
960KB emulator system 
including control unit, 
processor module, power 
supply, SAST, OIB, SAB, 
serial communications 
cable 
(SCOM4), IEDIT, V2.0 
software. (Requires software 
license, Class I) 


ICE960KBREM Optional 2 MB Relocatable 
Expansion Memory Board 


ENVIRONMENTAL 
CHARACTERISTICS 
Operating Temperature 
1000Cto 40°C (50"F to 
104°F) 
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IN-CIRCUIT EMULATOR FOR THE 80960MC 
MICROPROCESSOR 
The ICETM-960MC In-circuit 
Emulator 
delivers real-time 
hardware 
and software 
debugging capabilities 
for 80960MC based designs. Features 
include emulation 
of the 
80960MC microprocessor, 
powerful breakpoint 
specification, 
fastbreaks, 
optional 
relocatable 
expansion 
memory, two types oftrace 
capability, 
large trace buffering, 


support of virtual 
and physical component 
addressing 
modes, and sophisticated 
human 
interface. 
The ICE-960MC In-circuit 
Emulator 
gives you unmatched 
control over all 
phases of hardware/software 
debug, including 
developing, integrating 
and testing, which 
improves development 
productivity 
and speeds time to market. 
FEATURES 


• Real-Time Emulation 
of the 80960MC 
microprocessors 
up to 20 MHz (25 MHz 
optional) 
• Full Symbolic Information 
Relating 
to 
Code. Data symbolics subject to some 
limitations 
in virtual 
addressing 
mode 
• Optional 
ICE960KBREM 
Board Provides 
2 Mbytes of ICE Memory Which Can 
Overlay User ROM or RAM. 
• Zero wait-state 
operation 
from user 
memory 
• Examine 
and modify Memory and the 
80960 Reg~ters 


• Breakpoint 
Capabilities 
include: 


Execution 
Address, Instruction 
Type, 
Bus Read/Write/Access, 
and Data 
Value. Qualification 
of Events is Based 
on an Occurrence 
Counter and an 8 state 
State-Machine 
• Hosted on IBM PC AT or compatible 
• Dynamically 
monitor or update program 
variables 
or memory during emulation 
with Fastbreaks 
• 1024 Frame Trace Buffer for execution 
and/ or Bus Trace and time tags 
• 256 Kbytes of Memory in Standalone 
Self-Test (SAST) Unit 
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ICETM·960MC IN· CIRCUIT 
EMULATOR 


REAL-TIME EMULATION 


The ICE-960MC In-circuit 
Emulator 
provides 
emulation 
of the 80960MC at speeds up to 20 
MHz (25 MHz optional), thus providing early 
detection 
of subtle timing problems. Intel's 
intimate 
knowledge of the component 
makes 
possible the tightest 
conceivable 
conformance 
between timing parameters 
ofthe emulator 
and the target microprocessor. 


PROCESSOR/MEMORY 
EXAMINATION AND 
MODIFICATION 


The 80960MC registers 
can be accessed 
mnemonically 
(e.g. g12, r5, fp3) with the ICE- 
960MC emulator 
software. Data can be 
displayed or modified in one of four bases 
(hexadecimal, 
decimal, octal, or binary) and by 
data type (byte, word, etc), Program 
memory 
contents 
can be disassembled 
and displayed as 
80960 assembly instruction 
mnemonics. 


Additionally, 
80960 assembly instruction 
mnemonics 
can be assembled 
and stored into 
program 
memory. 80960MC system data 
structures 
such as the segment table, dispatch 
port, and page tables can also be accessed and 
modified mnemonically. 


PROGRAM TRACING 
The ICE-960MC emulator 
can store 1024 
frames of program 
execution 
history or 1024 
frames of the 80960MC address/data 
bus 
activity in the trace buffer. Each frame of 
program 
execution 
contains 
a discontinuity 
address (branch, call, return, 
etc) and a time- 


tag. This information 
can be used to 
reconstruct 
a history ofthe program 
execution. 


With the execution 
trace option enabled, the 
ICE-960MC will run at less than full speed. 
Each trace frame of bus cycles contains 
one 
complete bus burst trace. Collection oftrace 
information 
is controlled 
by a logic analyzer 
type moving trace window and by bus access 
type. 


EVENT RECOGNITION 
(BREAKPOINT CONTROL) AND 
EMULATION CONTROL 


ICE-960MC provides comprehensive 
event 
recognition 
capabilities 
including: 
two 
hardware 
and thirty-two 
software breakpoints 
for instruction 
execution breakpoints, 
and use 
of the internal 
debug registers 
to recognize 
execution 
of certain 
instruction 
types such as 


branch or call instructions. 
Bus analysis logic 
provides recognition 
of external 
bus addresses 
qualified by read, write, or access type as well 
as data values which may be entered 
as 
masked values. Two synchronization 
lines are 
provided for recognition 
of external 
events. 
ICE-960MC also provides qualification 
of 
events based on an occurrence 
counter or by a 
recognition 
sequence of up to 8 events. Special 
additions 
for the 80960MC include the ability 
to recognize process binds. Additionally, 
emulation 
can be automatically 
stopped when 
the trace buffer is full. Besides the ability to 
execute program 
code at full speed between 
specified points, the ICE-960MC emulator 
provides the capability 
to single-step through 
program 
code. 


RELOCATABLEEXPANSION 
MEMORY 


An optional board provides ICE-960MC with 2 
Mbytes of relocatable 
expansion 
memory 
which allows users to develop applications 
either before the target system memory is 
working, or in place of ROM or EPROM to 
speed the debugging cycle. This memory can be 
mapped in two separate 
1 Mbyte partitions 
on 
1 Mbyte boundaries. 
The memory waitstate 
pattern 
is (3,1,1,1) when the user's system does 
not return 
RDY # for accesses directed to the 
ICE960KBREM board. For accesses where the 
user system does return 
RDY # the waitstate 
pattern 
will be the larger of (3,1,1,1) or user 
waitstate 
pattern 
plus (2,2,2,2). The size and 
shape ofthe board is identical 
to the ICE probe 
and is installed 
between the probe and the 
user's target system when in use. The memory 
configuration 
can be mapped via either an ICE 
MAP command or via switches on the 
ICE960KBREM 
board. 


The ICE-960KBREM card adds some 
constraints 
when used with the ICE in a user's 


target system. First, users should qualify bus 
drivers/buffers 
with DEN # in order to 
eliminate 
potential 
bus conflict between 
REM960 and their target memory. Second, the 
1 Mbyte partition 
size can not be reduced and 
may effect the design of the user's memory 
subsystem. 
Third, ICE960KBREM 
delays the 
ADS # and DEN # signals by 5 nsec (typical) 
and delays the RDY # signal by 2 nsec (typical). 
Fourth, 
it adds loading, capacitance, 
and power 
requirements 
as shown in tables 3 and 4. 
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STANDALONE OPERATION 


Product software can be developed and 
debugged prior to and independent 
of 
hardware 
availability 
with the Standalone 
Self 
Test unit (SAST), which contains 
256 Kbytes of 


two wait-state 
program 
memory. The SAST 
also provides diagnostic 
testing to assure full 
functionality 
ofthe ICE-960MC emulator. 


VERSATILE AND POWERFUL 
HOST SOFTWARE 


ICE-960MC provides an easy-to-use human 
interface 
which utilizes color and pull-down 
menus to complement 
a powerful command 
set. The software includes: an on-line help 
fa~ility, a dynamic command entry and syntax 
guide, screen oriented 
editor, assembler 
and 
disassembler, 
input/output 
redirection 
comm~d 
piping, DOS command entry: and 


the ability to customize the command set via 
debug procedures 
and literal definitions. 


Special software commands 
are provided to 
display, interpret, 
and modify the 80960MC 
hardware 
data structures 
including 
the 
segment table, dispatch 
port, process control 
block, and the page tables and directories. 


DEBUG PROCEDURES AND 
LITERALS 


Debug procedures 
(PROCs) are user-defined 
groups of ICE-960MC emulator 
commands. 


They can be stored on disk and recalled during 
later debugging sessions. PROCs can be used to 
simpl.ll! the process of debugging by grouping 
repetitive 
emulator 
commands, 
which can then 
be accessed by typing the name of the PROC. 
Literals 
are user-defined 
abbreviations 
for 
whole or partial 
ICE-960MC emulator 
commands. 
Literals 
are a shorthand 
method of 
customizing 
the emulator 
commands 
to fit 
your needs and preferences. 
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WORLDWIDE SERVICE, 
SUPPORT, AND TRAINING 


To augment 
its development 
tools, Intel offers 
a full array of seminars, 
classes, and 
workshops, 
field application 
engineering 
expertise, 
hotline technical 
support, and on- 
site service. 


Intel also offers a Software Support package 
which includes technical 
software information, 


SPECIFICATIONS 


telephone 
support, automatic 
distribution 
of 
software and documentation 
updates, 
access to 
the "Tool'I'alk" electronic bulletin 
board, 


"iComments" 
publication, 
remote diagnostic 
software, and a development 
tools 
troubleshooting 
guide. 


Intel's Hardware 
Support package includes 
technical 
hardware 
information, 
telephone 
support, warranty 
on parts, labor, material, 


and on-site hardware 
support. 


HOST REQUIREMENTS 


IBM PC AT (minimum 
requirements) 
with 640 
KB of conventional 
memory 
• 1 MB of RAM (Lotus, Intel, Microsoft 
expanded 
memory specification) 


• 20 MB Fixed Disk 
• At least one 5-1/. H Floppy Disk drive 
• A serial interface 
• DOS Operating 
system (version 3.2 or later 
excluding 4.x) 


Mechanical 
Specifications 


REQUIRED SYSTEM 
RESOURCES 


The ICE-960MC emulator 
requires 
the 
following: a) exclusive use ofthe 
80960MC's on- 
chip debug registers 
and b) a minimum 
of 256 
bytes of target system RAM used to flush the 
80960 local registers. 


TABLE 
1. ICE-960MC 
Emulator 
Physical 
Characteristics 


Width 
Height 
Length 
Weight 
Unit 
Inches 
cm 
Inches 
cm 
Inches 
cm 
lbs 
kg 


Control unit 
10.5 
26.7 
1.5 
3.8 
16.0 
40.6 
6.0 
2.72 


Processor 
module' 
3.8 
9.6 
1.5 
3.8 
5.0 
12.7 
SAST 
6.0 
15.2 
2.0 
5.1 
8.0 
20.3 
3.5 
1.59 
OIB 
3.8 
9.6 
.9 
2.3 
5.1 
13.0 
Power supply 
2.8 
7.1 
4.2 
10.7 
11.0 
27.9 
4.7 
2.14 
User cable 
22.0 
55.9 
Serial cable 
12.0 ft 
3.66m 


"measurement 
mcludes target adaptor 
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Figure 1: Processor Module 
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Figure 2: Optional Isolation 
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SPECIFICATIONS 


ELECTRICAL SPECIFICATIONS 


SYNC Line Specification 
The SYNCIN line must be valid for at least one 
instruction 
cycle because it is only sampled on 
instruction 
boundaries. 
The SYNCIN line is a 
standard 
TIL input. The SYNCOUT line is 
driven by a TIL open collector with a 4.75K- 
ohm pull-up resistor. 


ACIDC Specifications 
The Optional Isolation Board (OIB) isolates the 
ICE-960MC probe from an untested 
user target 


system. When the OIB is in use, the ICE- 
960MC AC and DC specifications 
differ from 
the 80960MC microprocessor 
as shown below. 


When the OIB is not installed, 
the ICE-960MC 
specifications 
are identical 
to those of the 
S0960MC component. 


TABLE 
2. AC Specifications 
With The OIB Installed 


Symbol" 
Parameter 
Minimum 
Maximum 


t2 
clock low time 
2+1nS 
t3 
clock high time 
3+1ns 
t6 
output valid delay 
- 


AID 0:31 
6+Sns 
t6+16Ns 
DT/R#, DEN#, 
BEO-3#, ADS#, W/R# 
6+7nS 
t6+J4ns 
HLDA, CACHE, LOCK # , INTA# 
6+6ns 
t6+SnS 
ALE # 
6+10nS 
t6+2OnS 
t7 
ALE# width 
7-6.5nS 
t8 
ALE# disable delay 
S+nS 
t8+14nS 
t9 
output float delay 
AID 0:31 
t9+5nS 
t9+22nS 
DT/R#, DEN#, 
BE0-3#, ADS#, W/R# 
t9+7nS 
t9+15ns 
HLDA, CACHE, LOCK #, INTA # 
t9+6nS 
t9+SnS 
tlO 
input setup 1 
AID 0:31 
tlO + 2nS 
BADAC#, INTO-3# deassertion 
tlO+ 14nS 
tll 
input hold 
AID 0:31, HOLD 
tll + 6nS 
BADAC#,INTO-3#, 
READY # 
tll +7nS 
tl6 
reset setup time 
16+6 


'symbol 
refers to 80960MC specification 


TABLE 
3. ICE-960MC 
Emulator 
DC Specifications 


Symbol" 
Parameter 
Maximum 


PM-Icc 
Supply current 
with S0960KB-20 
1400mA 
OIB-Icc 
Supply current 
PM-Icc + 1l00mA 
REM-Icc 
Supply current 
PM-Ice + 1300mA (1700 Total Typical) 
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SPECIFICATIONS 


TABLE 4. Additional 
DC Loading 


(without 
(with 
(with 
OIB installed) 
OIB installed) 
REM installed) 
fib 
Iil 
fib 
Iil 
fib 
Iil 
Signal 
Maximum 
Maximum 
Maximum 
Maximum 
Maximum 
Maximum 


AD (0:31) 
lOOuA 
0.6mA 
20uA 
-lmA 
l20uA 
0.7mA 
ADS# 
l40uA 
l.6mA 
20uA 
-lmA 
Driven by 74AS760 
DEN# 
40uA 
l.OmA 
20uA 
-lmA 
w/ 4.7k pull-up 
W/R# 
l40uA 
l.6mA 
20uA 
-lmA 
l50uA 
l.7mA 
CLK2 
80uA 
2.2mA 
50uA 
-2mA 
l30uA 
2.9mA 
RESET 
50uA 
-2mA 
250uA 
0.3mA 
BE (0:3)# 
20uA 
-lmA 
10uA 
O.lmA 
READY# 
20uA 
-lmA 
750uA 
0.8mA 
ALE# 
20uA 
-lmA 
20uA 
0.5mA 
DT/R# 
20uA 
-lmA 
INTO # , INT3 # 
20uA 
-lmA 
INTl,INT2 
20uA 
-lmA 
BADAC# 
20uA 
-lmA 
LOCK# 
20uA 
-lmA 
HOLD 
20uA 
-lmA 
FAILURE # 
20uA 
-lmA 
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SPECIFICATIONS 


POWER SUPPLY 


lOO-120V or 220-240V 
(Selectable) 


50-60Hz 
2 amps (AC Max) @ 120V 
1 amp (AC Max) @ 240V 


ENVIRONMENTAL 
CHARACTERISTICS 


Operating 
Temperature 
lOoCto 40°C 
(50°F to 104°F) 


Operating 
Humidity 
Maximum 
85% 


Relative Humidity, 
non-condensing 


ORDERING INFORMATION 
Order Code 
Description 


ICE960MC 
The complete 20 MHz ICE- 
960MC emulator 
system 
including 
control unit, 
processor module, power 
supply, SAST, OIB, SAB, 
serial communications 
cable 


(SCOM4), IEDIT, Vl.O 
software. (Requires software 
license, Class l) 


ICE960MC25P 
25 MHz ICE960MC as 
described above 


1960MCUPG 
Conversion 
kit to convert 
ICE-960KB to ICE-960MC. 
Consists of new host and 
probe software, probe 
firmware, 
and manual. 


Requires ICE-960KB V2.0 
hardware. 


ICE960KBREM 
Optional 2 Mbyte Relocatable 
Expansion 
Memory Board. 
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QT960 EVALUATION AND PROTOTYPING 
BOARD 


r 


270743-1 


LOW COST EVALUATION TOOL 
The QT960 products give you a 32-bit starter 
kit to begin software evaluation 
and 
hardware 
design at a low cost. The boards feature 
the 20 MHz 80960KB 32cbit embedded 
processor. The 80960KB has integrated 
floating point, instruction 
and register 
caches, 
and an on-chip interrupt 
controller. 
The 80960K-series 
are the first in a new 
architectural 
family of embedded processors from Intel built using Intel's CHMOS IVt 


process. These boards provide you with full access to the features 
of the 80960KB 
processor. A wire wrap prototyping 
area offers you easy access to board features 
to test 
your designs. Interleaved 
EPROM means fast execution of your code taking advantage 
of 
the 80960KB's burst bus. A programmable 
wait state generator 
simulates 
different 
memory environments 
useful in evaluating 
the performance 
of your code. These features 
make the QT960 boards useful low cost tools for the 32-bit embedded designer. 


Once written, 
you can debug your program 
with NINDY, an EPROM resident 
debug 
monitor. 
NINDY enables you to download code, set seven different 
trace modes, display 
and modify memory or registers, 
and disassemble 
problem code sequences. 


Available separately 
from Intel are the ASM-960 (assembly language) and, iC-960 (high- 
level language) products which provide you with the code development 
environment 
tor 
the QT960 boards. 


The starter 
kit comes in two versions: the QT960F version has fast SRAM, high speed 
EPROM and Flash memory; the QT960E version has lower cost SRAM, Flash memory 
and no high speed EPROM. Each version has NINDY in either EPROM (QT960F) or 
Flash memory (QT960E), power supply cable, and the QT960 User Manual. 
Both versions 
also include the parts list, source code of the debug monitor, and the board data base 
(schematics) 
all on diskette. 
Armed with this starter 
kit you now have a system to 
evaluate 
and prototype 
your product ideas quickly and at low cost. 
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FEATURES 


QT960 FEATURES 
• 20 MHz Execution 
Speed 
• 128K Bytes to Zero Wait State EPROM+ 
• 128K Bytes of Flash Memory 
• 128K Bytes of Zero Wait State SRAM+ 
• Programmable 
Wait State Generator 
• Prototyping 
Wire Wrap Area 
• Five Instruction 
Traces 
• Two Hardware 
Breakpoints 


Product Order Codes: EVQT960F20 and EVQT960E20 


• Display/Modify 
Memory and Registers 
• Code Disassembly 
• High Level Language 
Support 
• RS-232 Communications 
Link 
• The QT960E Version has 128K Bytes of Two 
Wait State SRAM and 128K Bytes Four Wait 
State Flash Memory 


tCHMOS 
IV is a patented 
Intel process, 
tQT960F 
Version 
only. 


FAST AND EASY CODE UPDATES 


128K Bytes of Intel's 28F256 Flash memory provides an easy and quick method of changing 
your 
code in nonvolatile 
memory. Flash memory may be conveniently 
reprogrammed 
without 
removing it from the board while software is under development. 


FAST EPROM 


Interleaved 
fast EPROM (Intel's 27C202) on the QT960F version yields one-zero-zero-zero 
wait 
state code access. It efficiently 
utilizes the four word burst capabilities 
ofthe 80960KB bus 
maximizing 
program 
performance. 
. 


PROTOTYPINGSUPPORT 


A prototyping 
wire wrap area is provided on board with access to the system's signals and buses. 
This area gives you access to the board's features 
and allows you to easily test design ideas. A 
system bus connector 
is also provided for off board prototyping. 


PROGRAMMABLE 
WAIT STATE GENERATOR 
A software programmable 
wait state generator 
enables you to quickly model various memory 
speeds. Under software control you can set over 16 different 
wait state combinations 
and evaluate 
the performance 
of your target system. 


DMA 


The board offers you eight DMA channels 
accessed through 
a NINDY library function using 
Inters 
82380. In addition, off board connectors 
provide DMA I/O capabilities. 


FIVE INSTRUCTION TRACES AND TWO HARDWARE 
BREAKPOINTS 


NINDY utilizes the built-in trace capabilities 
ofthe 
80960KB to provide you with single step, 
supervisor, 
call, return, 
and branch 
instruction 
tracing offering you extensive 
debug capabilities 
for software examination 
and modification. 
Two hardware 
breakpoints 
enable you to break on 
and examine 
EPROM resident 
code. 
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WIRE 
WRAP 
PINS 


Off 
BOARD 
CONNECTOR 


Block Diagram 
of the QT960 Board 


For information 
or the number of your nearest 
sales office call8()()..548..4752 (U.S. and Canada). 


lntel Ccrporaton, 
Literature 
Department. 
3065 Bowers Avenue. Santa Clara CA 95051. United States. Tel: 4Q8.987-8080 . 
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DB960CADIC IN-CIRCUIT DEBUG MONITOR 


28()900-1 


DB960CADIC 


Intel's DB96OCADIC, the in-circuit 
debug monitor for the 33 MHz 80960CA embedded 
microprocessor, 
represents 
a new generation 
of development 
tool technology. 


DB960CADIC allows users to debug high-speed, cached applications 
at the full speed of 


the 80960CA target 
processor. Controlled by Intel's DB interface, 
DB960CADIC offers the 
user a tool with a powerful feature 
set at a fraction 
of the cost of traditional 
development 


tools. DB960CADIC is designed to improve productivity 
by allowing the user to debug 
software before and after the target system arrives, with minimal 
hardware 
intrusion. 
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FEATURES 


• Real-time emulation 
of the 80960CA 
embedded microprocessor 
at speeds up to 33 
MHz 
• Full development 
and debug support for 
80960CA on-chip cache and RAM 
• Minimal intrusive 
operation, 
allowing the 
user to debug the target system with 
minimal 
modification 
subject to initial 
design constraints 
• Breakpoint 
capabilities 
include ten software 
breakpoints, 
two hardware 
execution 
address 
breakpoints, 
and two hardware 
data address 
breakpoints. 
The human 
interface 
supplements 
these breakpoints 
with the 
ability to break on data values, conditions, 
and a four-state 
state machine in non-real 
time. 


• Low-Cost 
• Source-Level, 
Symbolic Debugging in a 
Windowed Human 
Interface 
with pull down 


.Menus (DB). This interface 
is consistent 
across 80960CA tools. 


• 128 KBytes User Memory 
• Virtual 
110, the ability to perform 110 
between the DB960CADIC unit and the host 
• In-circuit 
operation 
facilitates 
easy 
transition 
between target systems 
• Optional Stand-Alone 
Self-Test 


(DB960CASAST) Module 
• Optional Logic Analyzer 
Interface 
Board 


(LAI96OCA) 
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FEATURES 


FULL-SPEED DEBUG AND 
DEVELOPMENT 


The DB960CADIC In-circuit 
Debug Monitor 
provides sophisticated 
real-time 
hardware 
and 
software debug capabilities 
for 80960CA 
embedded microprocessor-based 
designs. The 
user can run at the full speed of the target 
processor, ensuring 
that elusive timing bugs 
will be found. The.DB96OCADIC isjumpered 
to 
receive a clock pulse from either the user's 
target system, or from an intemal25 
MHz 
clock. 


IDEAL FOR ALL STAGES 
OFDEVELOPMENT 


DB960CADIC canbe 
used by both hardware 
and software developers, 
at any stage of design. 
Early in the development 
process, 


DB960CADIC allows software debugging when 
inserted 
into an existing 80960CA board such 
as the DB960CASAST module or the 
EV80960CA board. Later in the design cycle, 
DB960CADIC can be inserted 
into the user's 
target 
system, thus facilitating 
debug of 
hardware/ 
software integration. 


SPEED DEVELOPMENT WITH 
SOURCE CODE, SYMBOLIC 
DEBUGGING 


Using source code oriented 
debugging in a 
windowed, symbolic interface, 
software 
engineers 
can increase 
productivity 
by 
debugging in the medium they are familiar 
with, software source. 


Commands 
can be entered 
via either function 
keys, pull-down menus which group logically 
related 
commands, 
or a supplementary 
command 
line which allows entry of complex 
conditions. 
In addition, source code symbolics 
can be used to examine and modify memory 
and registers. 
Optimal symbolic debugging can 
be achieved when using DB960CADIC with 
genuine 
Intellanguages. 


POWERFUL BREAK 
CAPABILITIES 


DB960CADIC provides complex emulation 
control by utilizing the on-chip debug registers 
within the 8096OCA. Real-time break 
capabilities 
include the ability to break on any 
two execution 
addresses 
or data access 
addresses 
in hardware. 
Software breakpoints 
are also used to supplement 
the hardware 
breakpoints 
for RAM-based memory 
subsystems. 
DB960CADIC extends these 
capabilities 
by providing the ability to break 
on data values, NOT data values, or 
combinations 
of the above in a four-state 
state 
machine. 
More complex conditions 
such as 
breaking 
when a variable 
is less than a certain 
value can be entered 
via a very flexible feature 
called conditional 
breakpoints. 


128KBYTES USER MEMORY 
DB960CADIC provides the user with 128 
Kbytes of memory in Region Fof the 80960CA 
target space. Since the debug monitor is also 
placed in Region F, the on-chip bus interface 
unit of the 80960CA is configured 
to address 
region F as byte-wide memory with 5 
waitstates 
and no burst accesses allowed. 


VIRTUAL INPUT/OUTPUT 


DB960CADIC is shipped with documented 
library calls which provide users with a built- 
in mechanism 
of performing 
target I/O using 


the host system. These libraries 
provide the 
ability to simulate 
110 operations 
in the target 


system before target 
hardware 
is available. 


HIGH SPEED SERIAL LINK 


Communication 
between a host and the 
DB960CADIC module is supported 
via RS232 
and RS422 communication 
links. RS232 allows 
access to industry 
standard 
serial protocols 
while the RS422 link provides a higher speed 
communication 
mechanism 
currently 
emerging 
in the development 
market. 
PC AT 
Compatible 
RS422 communication 
boards are 
available 
from various third party vendors. 


8-28 


inter 


FEATURES 


OPTIONAL STAND·ALONE 
SELF·TEST CHASSIS 
An optional stand-alone self-test chassis 
complements DB960CADIC by allowing the 
user to debug and test code before prototype 
hardware is available. The DB960CASAST 
includes self-test circuitry to ensure that the 
DB960CADIC unit is working correctly. It also 
provides 4 Megabyte of DRAM to be used for 
developing applications. This memory has a 
(3,1,1,1) waitstate 
pattern at 25 MHz. This 
waitstate 
pattern is programmable 
using the 
bus controller unit in the 80960CA. It also 
includes an 8254 programmable 
timer which 
can optionally interrupt 
the 80960CA 
processor and provide the ability to time code 
sequences. 


OPTIONAL LOGIC ANALYZER 
INTERFACE BOARD 


The LAI960CA board provides access to 
80960CA pins by routing the signals to easily 
accessible stake pins while passing them 
through to the target system. 


SOFTWARE COMPLETES THE 
SYSTEM 


Intel provides a comprehensive software 
development environment 
to complement 


DB960CADIC. This environment 
includes C 


and ASM source languages, a retargetable 
debug monitor, and DB960CADIC. The 
languages support the entire range of 80960 
embedded processors. 


WORLDWIDE SERVICE, 
SUPPORT, AND TRAINING 


To augment its development tools, Intel offers 
a full array of seminars, classes, and . 
workshops, field application engineering 
expertise, hotline technical support, and on-' 
, site service. 


Intel also offers a Software Support package 
which includes technical software information, 
telephone support, automatic distribution 
of 


software and documentation 
updates, access'to 


the "Tool'I'alk" electronic bulletin board, 
"i.Comments" publication, remote diagnostic 
software, and a development tools 
troubleshooting 
guide. 


Intel's Hardware Support package includes 
technical hardware information, telephone 
support, warranty 
on parts, labor, material, 


and on-site hardware support . 
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SPECIFICATIONS AND REQUIREMENTS 


HOST SYSTEM REQUIREMENTS 


Host system requirements 
to run the in-circuit 


debugger include the following: 


-DOS 
version 3.2 or later excluding DOS 4.0 


---MO bytes of RAM in conventional 
memory 


-A 
20 MB hard disk 


-An 
RS232 or RS422 Serial Port 


Evaluated 
Systems include: 


IBM PC AT· with DOS 3.3 
COMPAQ 386· with DOS 3.3 
Intel 30'/.02· 
with DOS 3.3 
IBM Personal 
Systelh/2· 
Model 70/80 with 


DOS 4.01 
PHYSICAL CHARACTERISTICS 
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Figure 1. LAI960CA Pinout Diagram 


ENVIRONMENT 
CHARACTERISTICS 


Operating 
Temperature: 
+ C to + C (50" to 
1040 F) 


Operating 
Humidity: 
Maximum 
of 90% 


relative 
humidity, 


non-condensing. 


:,r-l.2" 
3an 
r 
..... 
.1..+0..· 


Serial cable 
1.3cm 


f 
(' 
<,Pin 1 
•. 0- 
10r 
'. ---.-.- .. 


I( 
6.5' 
)1 
16.5 cm 
~ 


I 
-:.:.::.:. 
14 
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Figure 
2. Debugger Hardware 
Physical 
Dimensions 
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SPECIFICATIONS AND REQUIREMENTS 


DB960CADIC INTERFACE 
CONSIDERATIONS 


Target systems intended 
to receive 
DB960CADIC must meet the following 
requirements: 
• The target system must not respond to 
memory accesses in Region F (OFOOOOOOO- 
OFFFFFFFF) when DB960CADIC is 
installed. 
DB960CADIC provides an ACTIVE 
out signal which can be used to qualify bus 
logic to prevent 
this occurrence 
when 
DB960CADIC is installed. 
• The Target System must provide 1.3 Amps of 
power (worst case) .9 Amps average to power 
the DB960CADIC unit. 


• Use of one of the nine directly accessible 
80960CA interrupts. 


• Use of interrupt 
table entry 242 or 248. 


• Additional 
Signal Loading as follows: 


The DB960CADIC makes use of the PCLK 
outputs, DOthrough 
D7, and some of the 
address and control signals ofthe 
processor. 


The following table lists the worst case 
loadings added by the presence of the 
DB960CADIC circuitry. 


. 


Signal 
Name 
DC Load 
Capacitive 
Load 
(microA.) 
(pF.) 


PCLK1 
+25/-250 
8 
PCLK2 
+30/-255 
,17 
CLKIN 
+ 12/-12 
13 
DO:D7' 
+20/-600 
10 
A31:26 
+25/-250 
11 
A2:A17 
+20/-100 
10 
BEO', BEl', 
+20/-100 
10 
ADS' 
+50/-500 
13 
W/R' 
+50/-500 
13 
WAIT' 
+ 25/ -250 
8 
BLAST' 
+25/-250 
8 
FAIL' 
+20/-20 
8 
RESET' 
+ 15/ -15 
25 
INTO:7' 
+20/-500 
15 
NMI' 
+20/-500 
15 
.. 
Additional 
Loading Imposed on the Target by the DB960CADIC 


8·31 
• 


inter 


ORDERING INFORMATION 


DB960CADIC 
In-circuit 
debug monitor for 
the 80960CA embedded 
microprocessor. 
Operates 
at 
speeds up to 33 MHz. Includes 
hardware 
debug module, 
RS232/RS422 
serial cables, 


DOS host software, and 
documentation. 


DB960CASAST Stand-Alone 
Self-Test Unit for 
DB960CADIC. Includes built- 
in power supply, self-test 
board, 4 MByte of usable 
DRAM for code development, 
and enclosure. 


DB960CAST 
DB960CADIC and 
DB960CASAST as described 
above. 


LAI960CA 
Optional Logic Analyzer 
Interface 
Board for the 
80960CA system. Does not 
require DB96OCADIC. 


For more information 
or the number 
of your 
nearest 
Intel sales office, call 800-548-4725 
(good in the U.S. and Canada). 


UNITED STATES, Intel Corporation 
3065 Bowers Ave., Santa Clara, CA 95052-8126 
Tel: (408) 765-8080 


JAPAN, Intel Japan 
K.K 
5-6 Tokodai, Tsukuba-shi, 
Ibaraki-Ken, 
300-26 
Tel: 029747-8511 


UNITED KINGDOM, 
Intel Corporation 
(U.K.) Ltd. 


Pipers Way, Swindon, 
Wiltshire, 
England 
SN3 1RJ 
Tel: (44) (0793) 696000 
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SIM960CA PERFORMANCE SIMULATOR 


280662-1 


SOFTWARE DEVELOPMENT TOOL FOR BENCH MARKING 
AND DEBUGGING 80960CA MICROPROCESSOR-BASED 
CODE 


SIM960CA is a software simulator that emulates the instruction 
set of the 80960CA 
microprocessor. Designers can use SIM960CA to benchmark 
application performance 
and 
to develop and debug early 80960CA designs before 80960CA target systems are 
available. Existing language tools such as iC960 and ASM960 can be used to develop 
80960CA applications, minimizing time to market. 


FEATURES 


• Simulates 80960CA microprocessor 
• Summarizes performance statistics, such 
as 
- 
execution speed (rated in MIPS) 
- 
number of cycles per instruction 
- 
Profile of instructions 
executed 
- 
loads, stores, calls and branches 
- 
bus utilization 
- 
80960CA execution time between any 
two locations 
- 
branch prediction efficiency 
• Display/Modification 
of memory and 
register contents 


• Instruction 
disassembly 
• Trace/break 
on instruction 
execution, 
address reads and writes 
• Timing accuracy to + or - 5% ensuring 
accurate performance benchmarks 
• Accepts iC960 or ASM960 COFF 
executable files and binary files as input 
• Provides execution control-breakpoints 
and single stepping 
• User-selectable clock, number of wait 
states 
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FEATURES 


80960CA ARCHITECTURE 
SIMULATION 


The SIM960CA Performance 
Simulator 
emulates 
the instruction 
set ofthe 80960CA 
microprocessor, 
allowing the user to specify 
wait states and clock speed for their target 
system. 80960CA applications 
can be developed 
and debugged before 80960CA target systems 
are available. 
Source code can be compiled 
using the 80960KX series C Compiler (iC960), 
Assembler 
(ASM960) and the resulting 
COFF 
executable 
file loaded into the 80960CA 
Performance 
Simulator 
for subsequent 
execution. 


Using SIM96OCA's trace capability, 
instruction 
execution, 
read and write activity 
at a particular 
location can be traced. Timing 
profiles of 80960CA operations 
are accurate 
to 
within plus or minus 5%. Estimates 
of actual 
80960CA code performance 
can thus be made 
without 
an 8096OCA-based target. 


SIM960CA supports 
80960-base!i C code such 
as standard 
procedures 
in tIBC, including 
STDIO routines 
such as PRINTF, MALLOC 
andMEMCPY. 


PERFORMANCE STATISTICS 


The SIM960CA Performance 
Simulator 
is used 
primarily 
to benchmark 
80960CA performance 
gathering 
a wealth of statistics 
during 
80960CA code execution. 
Some statistics 
that 


are gathered 
include: 


• speed in MIPS (millions of instructions/sec.) 
• number 
of cycles per instruction 
• profile of instructions 
executed 
• instructions 
fetched from memory 
• number 
of instructions 
executed 
• branch prediction 
efficiency 
• total simulated 
80960CA execution time 


(millionths 
of seconds) 


• stack cache overflows 
• instructions 
received from cache 
• number 
of 80960CA clock cycles used 
• bus utilization 
• current 
clock speed (cycles/sec) 


• wait state information 


Performance 
statistics 
being gathered 
can be 
reset at any point, allowing performance 
analysis between any two locations. For 
example, execution time for a particular 
procedure 
can be measured. 
All timings, of 
course, are a function of the specified clock 
speed and number 
of wait states, selected by 
the user. 


COMPLETE EXECUTION 
CONTROL 


SIM960CA allows complete simulation 
control 
including 
control over where to begin or end 


the execution, 
number 
of instructions 
or clock 


cycles to execute, single stepping and the 
capability 
to execute an operating 
system 
command. 


MULTIPLE DEBUG 
OPERA'rIONS 


A variety of debug operations 
are available 
with SIM96OCA. Users can trace instruction 
execution 
flow in a verbose or brief format. 


The brief format prints the address and 
instruction 
for each operation. 
Verbose format 
also prints out the cache, bus and instruction 
pipeline activity. 93 break or trace points can 
be set and deleted on instruction 
execution 
and 
memory read/writes. 
Instructions 
can be 
disassembled. 
Memory can be modifed or 
displayed in 32 bit hexadecimal, 
ASCII, octal 
or control character 
format. The user can flush 
the contents 
of the register 
cache for 
examination 
or fill memory with a specified 


value. 


Users can also write a section of memory to a 
file and later read the contents 
ofthat 
binary 
file into memory. 


HOST REQUIREMENTS 


• IBM PC, XT or AT with 512KB of 


conventional 
memory Intel Aboveboard with 


2MB RAM is required 
for iC960 C Compiler) 
• At least one 51/." 
Floppy Disk drive (360KB 


capacity) 


• DOS Operating 
System (version 3.3) 
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ORDERING INFORMATION 


Order 
Code 


SIM960CAD 


SIM960CAV 


Description 


80960CA Performance 
Simulator 
software, version 
1.1, hosted on MS-DOS, 
5.25" flexible diskette 
media. 


80960CA Performance 
Simulator 
software, version 
1.1: hosted on VAX/VMS, 
4-track, 1600 BPI magnetic 
tape. 


SIM960CAM 
80960CA Performance 
Simulator 
software, version 
1.1, hosted on Micro VAX/ 
VMS, TK-50 cartridge 
tape. 


SIM960CAU 
80960CA Performance 
Simulator 
software, version 
1.1, hosted on Sun 3/Sun 
OS, cartridge 
tape. 


SIM960CAH 
80960CA Performance 
Simulator 
software, version 
1.1, hosted on HP9000/HP- 
UX cartridge 
tape. , 


SIM960CA Performance 
Simulator 
User's 
Manual included with all versions. 
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280000-1 


COMPREHENSIVE DEVELOPMENT SUPPORT FOR 80960SA/ 
SB EMBEDDED APPLICATIONS 


Intel provides comprehensive 
development 
support for the 80960 component 
architecture, 
including 
the newest members, 
the 80960SA and 8096OSB. Tools range from 
compilers to simulators 
and from debuggers 
to emulators. 
All designed specifically for 
members 
of the 80960 family, allowing you to take full advantage 
of their RISC-based 
design while reducing time to market. 


DEVELOPMENT TOOLS AVAILABLE: 


• ASM-960 macro assembler 
for 
developing and tuning speed-critical 
code 
• iC-960 highly optimizing 
C language 
compiler for high-level language 
software development 
• GEN-960 system generator 
for 
initializing 
your design to take 
advantage 
of 80960 on-chip features 
• DB/SIM960KA 
debug simulator 
for 
80960KA and 80960SA applications 


• Windowed, interactive, 
source-level 
DB- 


960 debugger which can be targeted 
to 
one ofthe 
evaluation 
and development 
boards below, or customized 
to your 
target system 
• Evaluation 
and development 
boards 
including 
the EV960SB, the QT80960KB, 
and the EV A960KB 
• ICE-960SA/SB offers a full featured 
in- 
circuit emulator 
for the 80960SA/SB 
components 
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ASM-960 MACRO ASSEMBLER 


280906-2 


The ASM-960 macro assembler 
is used to fine- 


tune sections of code for peak program 
execution 
speed on the 80960SA, 80960SB, 
80960KA, 80960KB, 80960MC, and 8096OCA. 
ASM-960 does this by giving you absolute 
control over program 
instructions. 
In addition 
to the assembler 
and macro preprocessor, 
ASM-960 includes several utilities 
for 
application 
program 
maintenance 
and debug: 


• LINKER provides incremental 
program 
linking/locating 
and link-time 
optimization. 


• ARCHIVER allows you to build reusable 
function libraries 
for applications. 


• DISASSEMBLER 
produces assembly 
language 
from object files. 


• SYMBOL DUMPER provides symbolic 
information 
from a program 
file for 
facilitating 
low-level debug. 


• ROM IMAGE BUILDER produces a hex file 
suitable for PROM programmers. 


• Macro preprocessor 
provides code generation 
flexibility 
and improves code readability, 
reducing maintenance 
costs. 


A Floating 
Point Arithmetic 
Library (FP AL) is 
included for the 80960SA, 80960KA, and 
80960CA components. 
It eliminates 
the need to 
develop your own floating point code. 


GEN-960 SYSTEM 
GENERATOR 


The 80960 System Generator 
(GEN-960) helps 
you set up data structures 
for standalone, 
embedded applications 
that use the on-chip 
features 
ofthe 80960 architecture. 
GEN-960 is 
used with other 80960 tools to generate 
and 
refine ROM or RAM code. GEN-960 supplies a 
set of command and template 
files containing 
assembly code and linker control commands 
to 
set up processor control blocks, inter-agent 
communication 
mechanisms, 
system procedure 
tables, and other requirements 
for 
initialization. 
The result is a batch file 
containing 
all the commands 
needed to 
compile, assemble and link the final target 
system. 
• Improves engineering 
productivity 
by 
automating 
the compilation, 
assembly and 
linking process 
• Supplies sample initialization 
code, reducing 
programming 
time 
• Save engineering 
time by simplifying 
the 
task of initializing 
each processor for on-chip 
capabilities 
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iC-960 COMPILER 


iC-960 is a highly optimizing C language 
compiler for the S0960 family of 
microprocessors. 
iC-960 supports 
the full C 
language 
as described in the Kernighan 
and 
Ritchie book, The C Programming 
Language 
(Prentice-Hall, 
1975). iC-960 includes standard 
ANSI extensions 
to the C language 
and is used 
in conjunction 
with ASM-960 for creating 
object files. 


The iC-960 compiler supports 
a number 
of 
processor dependent 
optimizations 
including 
global register 
allocation, 
constant 
propagation, 
arithmetic 
identity 
folding, 


redundant 
load/store 
elimination, 
strength 
reduction 
and register 
allocation/scheduling 
of 
arguments. 
Processor independent 
optimizations 
include common sub-expression 
elimination, 
folding of constant 
expressions, 


elimination 
of superfluous 
branches, 
removing 
unreachable 
code, tail recursion 
and procedure 
incorporation. 


iC-960 includes a standard 
C library with I/O 
functions 
and mathematical 
routines. 
A second 
library 
provides low level, environment- 


dependent 
routines 
emulating 
UNIX' 
system 
calls and supplies I/O routines 
for the EV A- 


960 Software Execution 
Vehicle. 


iC-960 also includes the following 
enhancements 
for embedded application 
development: 


Programs 
may be easily placed in ROM. 


Memory-mapped 
I/O allows high-level 
language 
access to application-specific 
input 
and output. 
In-line 
assembly 
simplifies the integration 
of 
C language 
and assembly code for speed- 
critical functions. 


Floating 
point 
support 
produces in-line code 
to take full advantage 
of the floating point 
capability 
of the S0960SB, S0960KB and 
S0960MC. 


Symbolic debugging of source code for iC-960 
and ASM-960 is provided by the DB-960 Source 
Level Debugger, the DBSIM960KA debugging 
simulator, 
the DB960CADIC in-target 
debugger, and the ICE960SB and ICE960KB 
emulators. 


DEBUGGING SIMULATOR 


The DBSIM960KA simulator 
features 
an easy 


to use, pulldown menu user interface 
combined 
with an S0960SA/S0960KA 
instruction 


simulator. 
DBSIM960KA facilitates 
debugging 


S0960SA and S0960KA applications 
by 
providing debugging capabilities 
before target 


hardware 
is available. 
DBSIM960KA's 
powerful, windowed, source-oriented 
interface 


allows you to focus your efforts on finding bugs 
rather 
than on learning 
and manipulating 
the 


debug environment. 


Ease of learning. 
Drop-down menus make the 


debugger easy to learn for new or casual users. 
A command line interface 
allows direct 


command entry for solving more complex 
problems, improving 
productivity 
of 
knowledgeable 
users. 


Extensive 
debug 
modes. 
You can set 
conditional 
breakpoints, 
pass points, and 
temporary 
breakpoints 
as needed. 


See into your 
program. 
Using pull-down 
menus or function 
keys, you can browse source 
and Call stacks, monitor processor registers, 
view screen output, and watch the values of 
variables 
change. 


Full debug 
symbolics 
for maximum 
productivity. 
You need not know whether 
a 


variable 
is an unsigned 
integer, a real, or a 


structure: 
the debugger displays program 


variables 
in their respective 
type formats. 
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EVA-960KB4MB SOFTWARE 
EXECUTION VEHICLE 


The EVA-960KB4MB is a software execution 
vehicle for the 80960KA/KB 
microprocessor. 
It 
is a single PC AT plug-in board which provides 
easy and convenient 
architecture 
evaluation 
and benchmarking, 
as well as software 
development. 
Since the board uses an 
80960KB, 80960SA and 80960SB performance 
can be extrapolated. 
The EV A-960KB4MB 


contains 
the following: 
• 4 MB or 16 MB (EVA960KB16MB) of one 
wait-state 
program 
memory (DRAM) 
• 64 Kbytes of zero wait-state 
program 
memory (SRAM) 


• Three-channel 
programmable 
i~terval 
timer 


• Hosted debug monitor which supports 
two 


hardware 
and 64 software breakpoints, 


single-step program 
execution, 
register 
and 


memory access, program 
download and 


upload 
• DOS access libraries 
that allow: screen 


display, keyboard 
input, read and write disk 


files, and the ability to spawn a DOS process 
that could communicate 
with serial or 


parallel 
110 
• 20 MHz operation, 
allowing software to 
operate at full speed of 80960KB 


EVA-960KB4MB also operates 
with the DB- 


960 Source Level Debugger for code 
developmentl 
debug prior to target system 


availability. 


SOURCE-LEVEL DEBUGGER 
The DB-960 Debugger with source-level debug 
capabilities 
is available 
for PC ATs equipped 


with DOS. DB-960 can debug 80960 code 
executing 
on an Intel EVA-960 Software 
Execution 
Vehicle or on a hardware 
target 
system via a serial interface. 
The EV A-960 
targeted 
debugger uses 1/0 resources provided 
by the PC, while 80960 code executes at high 
speed on the EV A-960. Two serial versions of 
DB-960 are available. 
DB-96OCADIC plugs 
directly into the 80960CA socket on your 
prototype, 
offering a "plug-in and go" debug 
environment. 
DB-960D is a serial, retargetable 
version of DB-960 whose system debug monitor 
can be customized for 80960SA/SB, 80960KAI 
KB, or 80960CA operation. 
Ease oflearning. 
Drop-down menus make the 
debugger easy to learn for new or casual users. 
A command line interface 
allows direct 
command entry for solving more complex 
problems, improving 
productivity 
of 
knowledgeable 
users. 


Extensive 
debug 
modes. 
You can set 


conditional 
breakpoints, 
pass points, and 


temporary 
breakpoints 
as needed. 


See into your 
program. 
Using pull-down 


menus or function keys, you can browse source 
and Call stacks, monitor processor registers, 
view screen output, and watch the values of 
variables 
change. 
Full debug 
symbolics 
for maximum 


productivity. 
You need not know whether 
a 


variable 
is an unsigned integer, 
a real, or a 


structure: 
the debugger displays program 


variables 
in their respective 
type formats. 


In-Target 
Debug. 
Porting 
the DB960D 


retargetable 
monitor to your target system 


allows the debugger to be used in-target, 
thus 
facilitating 
debugging of code dependent 
upon 
hardware 
interaction. 
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ICE960SB IN-CIRCUIT 
EMULATOR 


ICE960SB is a full featured 
in-circuit 
emulator 
for the 80960SA and 80960SB components. 
A 
separate 
ICE probe can be purchased 
to 
support 80960KA and 80960KB components. 
ICE960SB includes: 


Full speed emulation 
of the 80960SA/SB 
components 
to 16 MHz 
• Complete symbolic information 
when used 
with Intel 80960 compilers 
• 1024 Frames 
Bus or Execution 
Trace with 
Time-Tags 
• Comprehensive 
break capabilities 
including 
execution 
addresses, 
instruction 
type, bus 
read/write/access, 
data values, and external 
synch lines 


• Qualification 
of break conditions 
based on a 
B-state machine 
or an occurrence 
counter 
• Fastbreaks 
to dynamically 
access memory or 
variables 
during emulation 
. 


• Examine 
and modify memory and 80960 
registers 
• Stand-Alone 
Self-Test module provides 
diagnostic 
circuitry 
and 256 Kbytes of 
memory for software development 
• Optional 2 Mbyte of relocatable 
expansion 
memory 


• Support for socketed and surface mounted 
84 
Pin PLCC components 
and surface mounted 
80 Pin EIAJ components 
via ONCE mode 
• DOS Hosting with support for RS232 and 
RS422 communication 
links 


WORLDWIDE SERVICE, 
SUPPORT, AND TRAINING 


To augment 
its development 
tools, Intel offers 
a full array of seminars, 
classes, and 
workshops, 
field application 
engineering 
expertise, 
hotline technical 
support, and on- 


site service. 


Intel also offers a Software Support package 
which includes technical 
software information, 


telephone 
support, automatic 
distribution 
of 


software and documentation 
updates, 
access to 


the "Tool'I'alk" 
electronic bulletin 
board, 


"iComments" 
publication, 
remote diagnostic 


software, and a development 
tools 


troubleshooting 
guide. 


Intel's Hardware 
Support package includes 


technical 
hardware 
information, 
telephone 


support, warranty 
on parts, Iabor, material, 


and on-site hardware 
support. 
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GEN960 


DBSIM960KA 


DB960KBDEVA 


applications; 
contains 
standard 
STDIO libraries 


and in-line assembly 
capability. 


80960 System Generation 
software automates 
the 


compilation, 
assembly and 
linking process. Simplifies 
usage of 80960 sophisticated 
features. 
Debugging Simulator 
software emulates 
the 
80960SA and 80960KA 
instruction 
set allowing 
code development 
and 
debugging prior to 
hardware 
prototype 
availability. 


Source Level Debugger 
software for the 80960KB/ 
KA with powerful debug 
capabilities 
including 
conditional 
breakpoints, 
source and Call stack 
browsing, memory/register 
display and modification, 
and ability to watch 
variables 
change value. 
Requires EV A-960KB4MB 
Software Execution 
Vehicle. For PC AT hosted 
systems only. 


!:!Wt50KA/KB components. 
Includes 4 Mbyte of on- 
board memory, system 
debug monitor and code 
download software. Code 
compatible 
with the 
80960SA/SB 
components. 
Required by 
DB960KBDEVA. 


EV A960KB16MB 
Identical 
to 
EVA960KB4MB with 
16 Mbyte of DRAM instead 
of4Mbyte. 


ICE960SB 
In-Circuit 
emulator 
for the 
80960SA/SB 
components. 
Includes ICE base and 
probe, stand-alone 
self-test 
module, and your choice of 
PLCC or PQFP target 
adapters. 
Optional 
2 Mbyte 
relocatable 
expansion 
memory option provides 
overlayable 
memory for 
software prototyping 
and 
hardware 
debugging. 
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ARCHITECTURE EVALUATION 
STARTER KITS 
9OOSKit3 
Contains ASM900D Assembler 
and iC900D Compiler 


DB960KIT2 
Kit contains DB-960KBDEV A 
(KB version ofDB-960 used with 
EV A-960), EV A9OOKB4MB 
Software Execution 
Vehicle, 
ASM960D and C960E. Requires 
PC AT with 640K memory. 


DB9OOKIT3 
Kit contains 
DB-9OOD(serial 
version of DB-9oo supporting 
the 
80960SA/SB, 
80960KA/KB 
and 
80960CA components 
(operating 
on PC-AT/DOS), ASM900D and 
C960D. Requires PC AT with 
640K memory, 


• 


Product 
Code 
to order, 
by Host 


Product 
PC-AT/DOS 
UNIX-386 
OS/2 
Sun 
31 
HP90001 
VAXI 
,.,.VAXI 


Category 
V.4 
UNIX 
HP-UX 
ULTRIX 
ULTRIX 


Assembler 
ASM960D 
ASM9GOS 
ASM960P 
ASM9GOU 
ASM9GOH 
ASM9GOVX 
ASM9GOMX 


CCompiler 
C960D 
C960S 
C960P 
C960U 
CPGOH 
C960VX 
C960VX 


SystemGen 
GEN960D 
- 
- 
GEN960U 
GEN960H 
- 
- 


SXDebugger 
DB9GOD 
- 
- 
- 
- 
- 
- 


KXDebugger 
DB960KBDEVA 
- 
- 
, 
- 
- 
- 
- 


DB960D 
- 
- 
- 
- 
- 
- 


CA Debugger 
DB960CADIC 
- 
- 
- 
- 
- 
- 


DB960D 
- 
- 
- 
- 
- 
- 


SA Simulator 
- 
DBSIM960KAS 
- 
- 
- 
- 
- 


CA Simulator 
SIM960CAD 
- 
- 
SIM960CAU 
SIM960CAH 
- 
- 


ICE960SB 
ICE9GOSB 
- 
- 
- 
- 
- 
- 


ICE960KB 
ICE9GOKB 
- 
- 
- 
- 
- 
- 


". 
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iRMKTM960 REAL-TIME KERNEL 


• 
32-bit real-time multi-tasking 
kernel 
for the i960™ microprocessor 
family 


• 
Flexible, modular design to ease 
system integration 


• 
Fast execution with predictable 
response time for time-critical 
applications 
• 
Compact code size (14Kbytes- 
including all optional modules) 


• 
Requires only an i960 KA, KB, or 
MC embedded 
processor 
• Bus Independent 
• 
Easy customization 
and add-on 
enhancements 


• 
Easily EPROMmable 
• 
Comprehensive 
development 
tool 
support 


THE 32-BIT REAL-TIME KERNEL OF CHOICE 
FOR THE i960™ MICROPROCESSOR 


The iRMK'M 960 Real-Time Kernel is the 32-bit real-time 
executive 
developed 
and supported 
by Intel, the i960™ 


architecture 
experts. 
The kernel 
is a small, 
fast and highly 
modular 
package 
of system 
control 
software. 
It 
contains 
the basic 
software 
building 
blocks 
that act as the foundation 
in using 
the key features 
of the i960 
microprocessor. 
The iRMK 960 software 
is fully supported 
by an array of tools that work in the most popular 
development 
environments 
(i.e. DOS, VAXNMS*, 
SUN**). 


The iRMK 960 Heal-Time Kernel is available 
off-the-shelf. 
The kernel reduces the cost and risk of designing 
and 
maintaining 
software 
for numerous 
real-time 
applications 
such as, embedded 
control 
systems 
and dedicated 
real-time subsystems 
in multiprocessor 
environment. 
Use of the kernel can save man years that might otherwise 
be spent developing 
or porting another 
real-time 
kernel. This means reduced 
time to market for the user. 


I 


Intel Corporation assumes no responsibility for the use of any circuitry other than circuitry embodied in an Intelproduct. Noother circuit patent licenses 
are implied. Information contained herein supersedes previously published specifications on these devices from Intel. 
June 1989 
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ARCHITECTURAL 
OVERVIEW 


At the heart of the architecture are the kernel core 
modules conslstinq of a scheduler, task manager, 
interrupt manager, and time manager (See Figure 1). 
As additional 
building blocks, the kernel provides 
optional modules consisting of a mailbox manager, 
semaphore 
manager, 
memory 
manager, 


on-processor interrupt controller manager, and fault 
handler manager. The optional device manager for 
he 82380 Integrated System Peripheral (ISP) and 
8254 Programmable IntervalTimer (PIT)complete the 
architecture. 


FUNCTIONAL 
FEATURES 


A Full Set Of 
Real-Time Building Blocks 


The kernel provides a full set of services for real-time 
applications 
including 
task management, 
time 
management, synchronizationof and communications 
betweentasks, and memory pool management. 


Task Management: 


The iRMK 960 kernel uses system calls to create, 
manage, and schedule 
tasks in a multi-tasking 
environment. 
It provides 
pre-emptive 
priority 
scheduling 
combined 
with 
optional 
time-slice 


(round robin) scheduling. 


The scheduling algorithm used by the kernel enables 
tasks to be rescheduled 
in a fixed amount of time 


regardless of the number of tasks. Applications may 
contain any number of tasks. 
, 


An application can integrate optional task handlers to 
customize task management. These handlers can 
execute on task creation, task switch, task deletion, 
and task priority change. Task handlers can be used 
for a wide range of functions, including saving and 
restoring the state of coprocessor registers on task 
switch, masking interrupts based on task priority, or 
implementing statistical and diagnostic monitors. 


tnterrupt Management: 


iR~K 960 interrupts are managed by immediately 
switchinq control to user-written interrupt handlers 
when an interrupt occurs. 


Application 


User- 
Supplied 
System 
Routines" 
Language Interface Libraries 


Kernel 
Core 
Modules 


Kernel 
Optional 
Modules 


Kernel 
Supplied 
Device 
Managers 


Hardware 


Figure 1: iRMKTU960. Real-Time Kernel Architecture 
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Response to interrupts is both fast and predictable. 
Most of the kernel's system calls can be executed 
directly from interrupt handlers. 


Time Management: 


The time management features included in the kernel 
provide single-shot alarms, repetitive alarms, and a 
real-time clock. In addition, alarms can be reset. 


These time management facilities can solve a wide 
range 
of 
real-time 
programming 
problems. 


Single-shot 
alarms, for example, can be used to 
handle tlmeouts. 
If the timeout occurs, the alarm 
invokes a user-written handler; if the event occurs 
before the timeout, the application simply deletes the 
alarm. Other uses for the kernel's time management 
facilities include polling devices with repetitivealarms, 
putting tasks to sleep for specified periods of time, or 
implementing a time-of-day clock. 


Intertask Synchronization 
And Communication: 


Semaphores, 
regions, and mail boxes are the key 
mechanisms the kernel uses for synchronizing tasks 
and communicating between tasks. 


Semaphores are objects used for intertask signaling 
and synchronization.Tasksexchange abstract "units" 
with 
semaphores 
as 
a means 
of 
becoming 
synchronized. 
A task 
requests 
a unit 
from 
a 
semaphore 
to gain access to a resource. 
If the 
resource is available, the semaphore will have a unit 
to give to the task, enabling the task to proceed. A 
task sends a unit to a semaphore to indicate that it has 
released a previously obtained resource. 


A special binary type of semaphore is called a Region. 
Regions are used to ensure mutual exclusion, thus 
preventing deadlock when tasks contend for control 
of system resources. A task h'olding a region's unit 
~unsat the priority of the highest priority task waiting 
In queue for the region's unit. 


Mailboxes are queues that can hold any number of 
messages and are used to exchange data between 
tas.ks. Either data or pointers can be sent using 
mallboxes. The kernel allows mailbox messages to 
be of any length. High priority 
messages can be 
placed ijammed) at the front of the message queue to 
ensure that they are received and processed before 
other messages queued at the mailbox. 


Toensure that high priority tasks are not blocked by 
lower priority tasks, the kernel allows tasks to queue 
at semaphores and mailboxes in priority order. The 
kernel also supports first-in, first-out task queueing. 


Memory Pool Management: 


The iRMK 960 kernel uses the concept of memory 
pools to efficiently 
divide and manage blocks of 


memory. The memory pool manager provides for 
both fixed and variable block allocation. 


Memory can be divided into any number of pools. 
Multiple memory pools might be created for different 
speed memories, or for allocating different size blocks. 
The times to allocate and de-allocate fixed-size areas 
from within a pool have a fixed upper bound. 


The kernel-supplied memory manager works with flat 
memory architecture. Users can also write their own 
memory 
manager 
to provide 
different 
memory 
management policies or support virtual memory. 


Hardware Requirements And Support 


The kernel requires only an i960 microprocessor and 
sufficient memory for itself and its application. The 
kernel's 
design, 
however, recognizes 
that many 
systems use additional 
programmable 
peripheral 
devices and coprocessors. 
The kernel provides 
optional device managers for: 
The 82380 Integrated System Peripheral (ISP) 
chip 
The 8254 Programmable Interval Timer (PIT) 
chip 


An application can supply managers for other devices 
and coprocessors in addition to or in replacement of 
the devices li~ted above. 


The openness of the iRMK 960 kernel is a major 
benefit to the OEM. The kernel is designed to be 
programmed into PROM or EPROM, making it easy 
to use in embedded designs. In addition, it can be 
used with any system bus, including 
those 
of 
MULTIBUSI and MULTIBUS 11bus architectures. 


The user links only the modules 
needed for his 
application. Any module not used does not need to 
be linked in, and does not increase the size of the 
kernel in your application. The user can also replace 
any optional kernel module with one that implements 
specific features required by the application. 
For 
example, the user might want to replace the kernel's 
memory manager with one that supports 
virtual 
memory. 
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Table 
1: 
IRMKTM 960 
Kernel 
Modules 
And 
ApproximateSizes 


Core Modules 
Task Manager 
Interrupt 
Manager 
Time Manager 
Scheduler 
Initialization 


Bytes 
2600 
150 
3000 
1700 
50 


Optional 
Modules 


Mailbox 
Manager 
Semaphore 
Manager 
Memory 
Manager 
Fault Handler 
Manager 
Miscellaneous 


1250 
2900 
1260 
50 
300 


Optional 
Device Manager 
82380 Integrated 
System Peripheral 
8254 Programmable 
Interval Timer 
4200 
1200 


Total 
size 
of 
the 
(entire) 
kernel 
(minus 
device 
managers) 
is about 13.5KBytes. 


Developing With The 
iRMKTM960 Real-Time Kernel 


Kernel applications 
can be written usinq'any 
language 
or compiler 
that produces 
code that executes 
on the 
i960 microprocessor. 
This independence 
is achieved 
by using an interface 
library. 
This library 
works with 
the idiosyncracies 
of a particular 
language 
- 
for 
example, 
the ordering 
of parameters. 
The interface 
library 
translates 
the calls provided 
by the language 
into a standard 
format 
expected 
by the kernel. 
Intel 
provides 
an interface 
library 
for our iC 960 compiler. 


The source code for this library is included, 
so that the 
user can modify it to support 
other compilers. 


Because 
the kernel 
is supplied 
as unlinked 
object 
modules, 
applications 
can 
be developed 
on any 
system that hosts the development 
tools needed. 


Comprehensive Development Tool 
Support 


Intel provides 
a complete 
line of 80960 development 
tools 
for 
writing 
and 
debugging 
iRMK 
960 
applications. 
These tools include: 


Software: 
ASM 960 assembler 
iC 960 compiler 


Note: 
These tools are available 
for DOS, VAXNMS·, 
MicroVAX·, SUN·, and 
EVA960KB4MB 
environment 


Debuggers: 
ICE™ 960 
In-Circuit 
Emulator 
for 
the i960 microprocessor 
SMD™ 960 
System Debug Monitor for 
the i960 microprocessor 


Evaluation 
Vehicles 
EVA960KB 
AT Bus-Compatible 
Board 
A960KB4MB 
AT Bus-Compatible 
Board 
with 4 MBytes of Memory 


01960 
Standalone 
Evaluation 
Vehicle 


Intel Support, Consulting, And Training 


With 
iRMK 960 kernel 
software, 
the developer 
has 
available 
the 
total 
Intel960™ 
architecture 
and 
real-time 
expertise 
of Intel's support 
engineers. 
Intel 
provides 
telephone 
support, 
on or off-site consulting, 
troubleshooting 
guides, 
and updates. 
The kernel 
includes 
90 days 
of Intel's 
Technical 
Information 
Phone 
Service 
(TIPS). 
Extended 
support 
and 
consulting 
are also available. 


Contents Of The iRMKTM960 Kernel 
Development Package 


The iRMK 
960 Kernel 
comes 
in a comprehensive 
package 
including: 


Kernel object modules 


Source 
for the kernel 
supplied 
82380 
Integrated 
System Peripheral 
and 8254 PIT device 
managers 


Source for the iC 960 interface 
library 


Source for sample applications 
showing 
the 
following: 


- 
Structure 
of kernel applications 


- 
Use of the kernel with an application 
written 
in iC 960 language 


- 
Compile, 
bind, and build sequences 


- 
Sample initialization 
code for the i960 
microprocessor 


- 
Applications 
written to execute in a flat 
memory space 


User reference 
guide 


90 days of customer 
support 
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LICENSING 


iRMK 960 software requires prior execution of the 
standard Intel Software License Agreement (SLA). A 
single development copy requires a Class I license 
and allows iRMK 960 software to be loaded and run 
on one single-processor system. 


SPECIFICATIONS 


System Calls 


The following items are systemcalls arranged bytype: 


IRMK 960 KERNEL SYSTEM CALLS LISTING 


KERNEL INITIALIZATION 
KN_initialize 
Initialize kernel 


OBJECT MANAGEMENT 
KN_token_to_ptr 
Returns a pointer to the 
area holding object 
KN_currenLtask 
Returns a pointer for the 
current task 


TASK MANAGEMENT 
KN_create_task 
KN_delete_task 
KN_suspend_task 
KN_resume_task 
KN_set_priority 
KN_geLpriority 


Creates atask 
Deletes atask 
Suspends atask 
Resumes atask 
Change priority of atask 
Return priority of atask 


INTERRUPT 
MANAGEMENT 
KN_seLinterrupt 
Specify interrupt handler 
KN_stop_scheduling 
Suspend task switching 
KN_starLscheduling 
Resumetask switching 


TIME MANAGEMENT 
KN_sleep 
KN_create_alarm 


KN_reseLalarm 
KN_delete_alarm 
KN_geLtime 
KN_set_time 
KN_tick 


Putcalling task to sleep 
Createand start virtual 
alarm clock 
Resetan existing alarm 
Deletealarm 
Gettime 
Settime 
Notify kernel that clock 
tick hasoccurred 


INTERTASK COMMUNICATION 
AND SYNCHRONIZATION 
KN_create_semaphore 
Create a semaphore 
KN_delete_semaphore 
Delete a semaphore 
KN_send_unit 
Add a unit to a semphore 
KN_receive_unit 
Receive a unit from a 
semaphore 
Create a mailbox 
Delete a mailbox 
Send data to a mailbox 


KN_create_mailbox 
KN_de/ete_maifbox 
KN_send_data 


KN_send_priority_data 
Place Oam)priority 
message at head of 
message queue 
KN_receive_data 
Request a message 
from a mailbox 


MEMORY MANAGEMENT 
KN_create_pool 
Create a memory pool 
KN_delete_pool 
Delete a memory pool 
KN_create_area 
Create a memory area 
from a pool 
KN_delete_area 
Return a memory area to 
a memory pool 
KN_geLpool_attributes 
Get a memory pool's 
attributes 


PROGRAMMABLE 
INTERRUPT 
CONTROLLER 
MANAGEMENT 
KN_initialize_PICs 
Initialize the PlC's 
KN_masLslot 
Mask out interrupts Of) a 
specified slot 
Unmask interrupts on a 
specified slot 
Signal the PlC that the 
interrupt on a specified 
slot has been serviced 
Change interrupt masks 
Return the most important 
active interrupt slot 
Get address of specified 
interrupt handler 


KN_new_masks 
KN_geLslot 


PROGRAMMABLE 
INTERVAL 
CONTROLLER 
MANAGEMENT 
KN_initialize_PIT 
Initialize the PIT 
KN_start_PIT 
. Start PIT counting 
KN_get_PIT 
_interval 
Return.PIT interval 


PROCESSOR 
RECOGNIZED 
FAULT HANDLING 
KN_geLfaulLhal)dler 
Get address of fault 
handler currently 
associated with specified 
fault type 
KN_set_fauILhandler 
Establish address of fault 
handler for the specified 
fault type 


PROCESSOR 
INTERRUPT 
CONTROLLER 
SUPPORT 
KN_geLprocessor 
_ 
Returns value of the 
_priority 
processor 
KN_seLprocessor 
_ 
Change the value of the 
_priority 
processor priority 
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Performance 
The figures 
listed 
below 
were derived 
from 
a test 
suite running 
on a EVA-960 evaluation 
vehicle 
using 
an 80960KB 
running 
at 20 MHz. The EVA-960 
has what is known as 2-1-1-1wait-state memory; 
what this means 
is that the first instruction 
of a four 
instruction 
fetch takes two wait states, 
and each of 
the three 
successive 
instructions 
takes 
one wait 
state. The figures are the worst case values 
obtained 
from several set of test runs. The code was 
generated 
using 
the iC 960 DOS hosted 
compiler, 


Version 1.1 


ORDERING INFORMATION 


Order Code 
RMK960 
Product Description 
iRMK 960 Real-Time Kernel 


ACTION 
Create Pool 
Get Pool Attributes 
Delete Pool 
Create Area 
Delete Area 


TIME (In usec) 
18 
36 
1 
35 
32 


Create Semaphore 
Delete Semaphore 
FIFa Semaphore 
Send Unit 
FIFa Semaphore 
Receive Unit 
Region Semaphore 
Send Unit 
Region Semaphore 
Receive Unit 


6 
14 
7 
7 
18 
14 


Create Mailbox 
Delete Mailbox 
Send Data 
Receive Data 


19 
23 
21 
21 


Create Alarm 
Delete Alarm 
FIFa 
Semaphore 
Unit w/Task Switch 
Suspend 
Task w Task Switch 
Basic Task Switch 
Create Task 
Suspend 
Task 
Resume Task 
Delete Task 
Get Priority 
Set Priority 


29 
30 
Send/Receive 
75 
70 
50 
62 
26 
50 
50 
5 
27 


3 
, 3 
Set Inte rru pt 
Get Interrupt 


MANUALS 


iRMK 960 User's 
Manual 
(Intel Order #463863-001). 


TRAINING 
INFORMATION 


Intel Customer 
Service Training 


"80960 
KA/KB 
Embedded 
Processor 
Training 
Course" 
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376™ HIGH PERFORMANCE 
32-BIT EMBEDDED PROCESSOR 


• 
Full 32-Bit Internal 
Architecture 
- 
8-, 16-, 32-Blt Data Types 
- 
8 General 
Purpose 32-Blt Registers 
- 
Extensive 
32-Blt Instruction 
Set. 


• 
High Performance 
16-Blt Data Bus 
-16 
or 20 MHz CPU Clock 
- 
Two-Clock 
Bus Cycles 
- 
16 Mbytes/Sec 
Bus Bandwidth 


• 
16 Mbyte 
Physical Memory 
Size 


• 
High Speed Numerlcs 
Support 
with the 
80387SX 


• 
Low System Cost with the 82370 
Integrated 
System 
Peripheral 


• 
On-Chip 
Debugging 
Support 
Including 
Br.eak Point Registers 


• 
Complete 
Intel Development 
Support 
- 
C, PL/M, 
Assembler 
-ICETM_376, 
In-Circuit 
Emulator 
- 
iRMKTM Real Time Kernel 
-ISDMTM 
Debug Monitor 
- 
DOS Based Debug 


• 
Extensive 
Third-Party 
Support: 
- 
Languages: 
C, Pascal, FORTRAN, 
BASIC and ADA· 
-Hosts: 
VMS·, 
UNIX·, 
MS-DOS·, 
and 
Others 
- 
Real-Time 
Kernels 


• 
High Speed CHMOS 
IV Technology 


• 
Available 
In 100 Pin Plastic Quad Flat- 
Pack Package 
and 88-Pin Pin Grid Array 


(See 
Packaging 
Outlines 
and Dimensions 
#231369) 


INTRODUCTION 


The 376 32·bit embedded 
processor 
is designed 
for high performance 
embedded 
systems. 
It provides 
the 
performance 
benefits 
of a highly pipelined 
32·bit internal architecture 
with the low system cost associated 
with 
16·bit hardware 
systems. 
The 80376 processor 
is based on the 80386 and offers a high degree of compatibil- 
ity with the 80386. All 80386 32·bit programs 
not dependent 
on paging can be executed 
on the 80376 and all 
80376 
programs 
can 
be executed 
6n the 
80386. 
All 32·bit 
80386 
language 
translators 
can 
be used 
for 
software 
development. 
With proper support 
software, 
any 80386·based 
computer 
can be used to develop 
and 
test 80376 
programs. 
In addition, 
any 80386·based 
PC·AT' 
compatible 
computer 
can be used for hardware 


prototyping 
for designs 
based on the 80376 and its companion 
product 
the 82370. 


Execution Unit 
WWU 


32-Blt 
Registers 
Protection 


t·· 


64-Blt 
Borrel 
Segment 
Shlfter 
Registers 


Control 


"'ultlply/Dfvlde 
Segment 
..• 
- 


Translator 
AlU 
-¥- 


1I 


Bus Int.rface 
32-BR Data Path 
Unit 
.1Y- 
I I 


Deeoder 
I+- 
Pr.f,tch 
Queue 


"- 


Instruction 
Pr.f.tch.r 
Queue 


Pr.f.tch 
Unit 


240182-48 
80376 Mlcroarchltecture 


lntel, iRMK, 
ICE, 376, 366, Inte1366, iSDM, Intel1376 
are trademarks 
of Intel Corp. 


'UNIX 
is a registered 
trademark 
of AT&T. 
ADA is a registered 
trademark 
of the U.S. Government, 
Ada Joint 
Program 
Office. 
PC-AT is a registered 
trademark 
of IBM Corporation. 


VMS is a trademark 
of Digital 
Equipment 
Corporation. 


MS·DOS 
is a trademark 
of MicroSoft 
Corporation. 
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1.0 PIN DESCRIPTION 


I" "'I •...o o o lll:il>- "'1"'O'i!:le: "'!:l"''''''''''''' 
!:l"'''' 
g z ~zzz> 
~~>VI~~Z> 
z::'> zZZZZ»"'>VI 


-' 
ct::CD 
e5~ 
- 
240182-S2 


DO 
Vss 
HlOA 
HOLD 
VSS 
HA 
READY 
Vcc 
Vcc 
Vcc 
VSS 
VSS 
VSS 
VSS 
ClK2 
ADS 
SlE 
Al 
SHE 
NC 
Vcc 
VSS 
lI/iO 
o/e 
W/R 


A20 
A19 
"18 
"17 
Vcc 
A16 
Vcc 
VSS 
Vss 
"15 
A14 
A13 
VSS 
A12 
All 
Al0 
A9 
A8 
Vcc 
A7 
A6 
A5 
A4 
A3 
A2 


Figure 1.1.80376 100·Pln Quad Flat·Pack Pin Out (Top View) 


Table 1.1. 100-Pln Plastic Quad Flat·Pack Pin Assignments 


Address 
Data 
Control 
N/C 
Vcc 
Vss 


A1 
18 
Do 
1 
ADS 
16 
20 
8 
2 
A2 
51 
D1 
100 
BHE 
19 
27 
9 
5 
A3 
52 
D2 
99 
BLE 
17 
10 
11 
A4 
53 
D3 
96 
BUSY 
34 
29 
21 
12 
As 
54 
D4 
95 
CLK2 
15 
30 
32 
13 
A6 
55 
D5 
94 
D/C 
24 
31 
39 
14 
A7 
56 
D6 
93 
ERROR 
36 
43 
42 
22 
Ae 
58 
D7 
92 
FLT 
28 
44 
48 
35 
A9 
59 
De 
90 
HLDA 
3 
45 
57 
41 
A10 
60 
D9 
89 
HOLD 
4 
46 
69 
49 
A11 
61 
D10 
88 
INTR 
40 
47 
71 
50 
A12 
62 
D11 
87 
LOCK 
26 
84 
63 
A13 
64 
D12 
86 
MIIO 
23 
91 
67 
A14 
65 
D13 
83 
NA 
6 
, 
97 
68 
A15 
66 
D14 
82 
NMI 
38 
77 
A16 
70 
D15 
81 
PEREQ 
37 
78 
An 
72 
READY 
7 
I, 
85 
A1e 
73 
RESET 
33 
98 
A19 
74 
W/R 
25 


A20 
75 
A21 
76 
A22 
79 
A23 
80 
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Top View 
(Component 
Side) 


J 
H 
G 
r 
E 


0 
0 
0 
0 
0 
o 
0 
0 
0 
0 
0 
0 
0 
Vcc 
Vss 
Nle 
AI 
ADS 
READY 
HOLD 
DO 
02 
vss 
Vcc 
vss 
Vcc 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
vss 
Ycc 
~/iO 
BHE 
m 
eLK2 
HA 
HLDA 
01 
03 
Vss 
Vcc 
Vss 
0 
0 
0 
0 
Vcc 
D/C 
04 
Vcc 
0 
0 
0 
0 
vss 
Wlii 
06 
05 
0 
0 
0 
0 
Vcc 
LOCK 
07 
D8 
0 
0 
0 
0 
Vss 
RESET 
09 
010 
0 
0 
0 
0 
PEREQ 
BUSY 
011 
012 
o 
0 
0 
0 
ERROR 
N~1 
013 
DU 
0 
0 
0 
0 
Vss 
INTR 
015 
Al3 


10 
0 
0 
0 
0 
10 


Vcc 
A2 
A21 
A22 


11 
0 
0 
0 
0 
11 


Vss 
A3 
Vss 
Vcc 


12 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
12 


Vss 
U 
A5 
A7 
A8 
AID 
A13 
A15 
A17 
A18 
A20 
Vcc 
Vss 


13 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
13 


Vcc 
Vss 
Vcc 
A6 
A9 
Al1 
A12 
A14 
A16 
A19 
Vcc 
Vss 
Vcc 
~ 
A 
240182-49 


Bottom 
View 
(Pin Side) 


e 
~ 


01 /0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
01 
Vcc 
Vss 
Vcc 
Vss . 
D. 
00 
HOLD 
READY 
ADS 
A, 
Nle 
vss 
Ycc 


02 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
02 
vss 
vcc 
vss 
D. 
0, 
HLOA 
HA 
ClK2 
m 
BHE 
~/iO 
Vcc 
vss 


03 
0 
0 
0 
0 
03 
vcc 
o, 
D/c 
vcc 


04 
0 
0 
0 
0 
o. 
o. 
o. 
wlii 
vss 
os 
0 
0 
0 
0 
os 


O. 
07 
LOCK 
Vcc 


06 
0 
0 
0 
0 
06 


0,0 
O. 
RESET 
Vss 


07 
0 
0 
o 
0 
07 


012 
0" 
BUSY 
PEREQ 


08 
0 
0 
0 
0 
08 


0,• 
0,. 
N~I 
ERROR 


09 
0 
0 
0 
0 
09 


A•• 
0,. 
INTR 
Vss 


10 
0 
0 
0 
0 
10 


A•• 
A., 
A2 
Vcc 


11 
0 
0 
0 
0 
11 
Vcc 
Vss 
A. 
Vss 


12 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
12 
Vss 
Vcc 
A.o 
A,. 
A17 
A,. 
A,. 
A'0 
A. 
A7 
A. 
A. 
Vss 


13 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
13 
Vc;c 
Vss 
"cc 
A •• 
A,. 
A,. 
A'2 
A" 
A. 
A. 
Vcc 
Vss 
Vcc 


e 
G 
~ 
240182-2 


Figure 1.2. a0376 aa-Pin Grid Array Pin Out 
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Pin 
Label 
Pin 
Label 
Pin 
Label 
Pin 
Label 
2H 
ClK2 
120 
A18 
2l 
M/IO 
11A 
Vcc 
98 
015 
12E 
A17 
5M 
lOCK 
13A 
Vcc 
8A 
014 
13E 
A16 
1J 
AOS 
13C 
Vcc 
88 
013 
12F 
A15 
1H 
REAOY 
13l 
Vcc 
7A 
012 
13F 
A14 
2G 
NA 
1N 
Vcc 
78 
011 
12G 
A13 
1G 
HalO 
13N 
Vcc 
6A 
010 
13G 
A12 
2F 
HlOA 
118 
Vss 
68 
09 
13H 
A11 
7N 
PEREQ 
2C 
Vss 
SA 
08 
12H 
A10 
7M 
8USY 
10 
Vss 
58 
07 
13J 
A9 
8N 
ERROR 
1M 
Vss 
48 
06 
12J 
Aa 
9M 
INTR 
4N 
Vss 
4A 
05 
12K 
A7 
8M 
NMI 
9N 
Vss 
38 
04 
13K 
A6 
6M 
RESET 
11N 
Vss 
20 
03 
12l 
A5 
28 
Vcc 
2A 
Vss 
1E 
02 
12M 
~ 
128 
Vcc 
12A 
Vss 
2E 
01 
11M 
A3 
1C 
Vcc 
18 
Vss 
1F 
00 
10M 
A2 
2M 
Vcc 
138 
Vss 
9A 
A23 
1K 
A1 
3N 
Vcc 
13M 
Vss 
10A 
A22 
2J 
8lE 
5N 
Vcc 
2N 
Vss 
108 
A21 
2K 
8HE 
10N 
Vcc 
6N 
Vss 
12C 
A20 
4M 
W/R 
1A 
Vcc 
12N 
Vss 
130 
A19 
3M 
O/C 
3A 
Vcc 
1l 
N/C 


Table 1.2. aa-Pin Grid Array Pin Assignments 
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The following table lists a brief description of each pin on the 80376. The following definitions are used in 
these descriptions: 


The named signal is active LOW. 
I 
Input signal. 


o 
Output signal. 


I/O 
Input and Output signal. 
No electrical connection. 


Symbol 
Type 
Name and Function 


CLK2 
I 
CLK2 provides the fundamental timing for the 80376. For additional 
information see Clock in Section 4.1. 


RESET 
I 
RESET suspends any operation in progress and places the 80376 in a 
known reset state. See Interrupt 
Signals in Section 4.1 for additional 
information. 


015-00 
I/O 
DATA BUS inputs data during memory, I/O and interrupt acknowledge 
read cycles and outputs data during memory and I/O write cycles. See 
Data Bus in Section 4.1 for additional information. 


A23-A1 
0 
ADDRESS 
BUS outputs physical memory or port I/O addresses. See 
Address 
Bus in Section 4.1 for additional information. 


W/R 
0 
WRITE/READ 
is· a bus cycle definition pin that distinguishes write 
cycles from read cycles. See Bus Cycle Definition 
Signals in Section 
4.1 for additional information. 


D/C 
0 
DATA/CONTROL 
is a bus cycle definition pin that distinguishes data 
cycles, either memory or I/O, from control cycles which are: interrupt 
acknowledge, halt, and instruction fetching. See Bus Cycle Definition 
Signals in Section 4.1 for additional information. 


M/iO 
0 
MEMORY 
I/O is a bus cycle definition pin that distinguishes memory 
cycles from input! output cycles. See Bus Cycle Definition 
Signals in 
Section 4.1 for additional information. 


[()Ci( 
0 
BUS 
LOCK 
is a bus cycle definition pin that indicates that other 
system bus masters are denied access to the system bus while-it is 
active. See Bus Cycle Definition 
Signals in Section 4.1 for additional 
information. 


ADS 
0 
ADDRESS 
STATUS 
indicates that a valid bus cycle definition and 
address (W/R, D/G, M/iO, BHE, BLE and A23-A1) are being driven at 
the 80376 pins. See Bus Control 
Signals in Section 4.1 for additional 
information. 


NA 
I 
NEXT 
ADDRESS 
is used to request address pipelining. See Bus 
Control 
Signals in Section 4.1 for additional information. 


READY 
I 
BUS READY terminates the bus cycle. See Bus Control 
Signals in 
Section 4.1 for additional information. 


BHE, BLE 
0 
BYTE ENABLES indicate which data bytes of the data bus take part in 
a bus cycle. See 
Address 
Bus 
in Section 4.1 
for 
additional 


information. 


HOLD 
I 
BUS HOLD 
REQUEST 
input allows another bus master to request 
control of the local bus. See Bus Arbitration 
Signals in Section 4.1 
for additional information. 
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Symbol 
Type 
Name and Function 
HLDA 
0 
BUS 
HOLD 
ACKNOWLEDGE 
output indicates that the 80376 has 
surrendered control of its local bus to another bus master. See Bus 
Arbitration 
Signals in Section 4.1 for additional information. 
INTR 
I 
INTERRUPT 
REQUEST 
is a maskable input that signals the 80376 to 
suspend execution of the current program and execute an interrupt 
acknowledge function. See Interrupt 
Signals 
in Section 4.1 for 
additional information. 
NMI 
I 
NON-MASKABLE 
INTERRUPT 
REQUEST 
is a non-maskable input 
that signals the 80376 to suspend execution of the current program 
and execute an interrupt acknowledge function. See Interrupt 
Signals 
in Section 4.1 for additional information. 


BUSY 
I 
BUSY 
signals a busy condition from a processor extension. See 
Coprocessor 
Interface 
Signals 
in 
Section 
4.1 
for 
additional 
information. 
ERROR 
I 
ERROR 
signals an error condition from a processor extension. See 
Coprocessor 
Interface 
Signals 
in 
Section 
4.1 
for 
additional 
information. 
PEREQ 
I 
PROCESSOR 
EXTENSION 
REQUEST 
indicates that the processor 
extension has data to be transferred by the 80376. See Coprocessor 
Interface 
Signals in Section 4.1 for additional information. 
FLT 
I 
FLOAT, 
when active, forces all bidirectional and output signals, 
including HLDA, to the float condition. FLOAT is not available on the. 
PGA package. See Float for additional information. 


N/C 
- 
NO CONNECT 
should always remain unconnected. Connection of a 
N/C pin may cause the processor to malfunction or be incompatible 
with future steppings of the 80376. 
Vcc 
I 
SYSTEM 
POWER provides the + 5V nominal D.C. supply input. 


Vss 
I 
SYSTEM 
GROUND 
provides OVconnection from which all inputs and 
outputs are measured. 


2.0 ARCHITECTURE 
OVERVIEW 


The 80376 supports the protection mechanisms 
needed by sophisticated multitasking embedded 
systems and real-time operating systems. The use 
of these protection mechanisms is completely op- 
tional. For embedded applications not needing pro- 
tection, the 80376 can easily be configured to pro- 
vide a 16 Mbyte physical address space. 


Instruction pipelining, high bus bandwidth, and a 
very high performance ALU ensure short average 
instruction 
execution 
times 
and 
high 
system 
throughput. The 80376 is capable of execution at 
sustained rates of 2.5-3.0 
million instructions per 
second. 


The 80376 offers on-chip testability and debugging 
features. Four break point registers allow conditional 
or unconditional break point traps on code execution 
or data accesses for powerful debugging of even 
ROM based systems. Other testability features in- 
clude self-test and tri-stating of output buffers during 
RESET. 


The Intel 80376 embedded processor consists of a 
central processing unit, a memory management unit 
and a bus interface. The central processing unit con- 


sists of the execution unit and instruction unit. The 
execution unit contains the eight 32-bit general reg- 
isters which are used for both address calculation 
and data operations and a 64-bit barrel shifter used 
to speed shlft, rotate, multiply, and divide operations. 
The instruction unit decodes the instruction opcodes 
and stores them in the decoded instruction queue 
for immediate use by the execution unit. 


The Memory Management Unit (MMU) consists of a 
segmentation and protection unit. Segmentation al- 
lows the managing of the logical address space by 
providing an extra addressing component, one that 
allows easy code and data relocatability, and effi- 
cient sharing. 


The protection unit provides four levels of protection 
for isolating and protecting applications and the op- 
erating system from each other. The hardware en- 
forced protection allows the design of systems with 
a high degree of integrity and simplifies debugging. 


Finally, to facilitate high performance system hard- 
ware designs, the 80376 bus interface offers ad- 
dress pipelining and direct Byte Enable signals for 
each byte of the data bus. 
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2.1 Register Set 


The 80376 has twenty-nine 
registers 
as shown in Figure 2.1. These registers 
are grouped 
into the following 
six 
categories: 


31 
16 
15 
87 


AH 
AL 


BH 
BL 


CH 
CL 


OH 
C 
OL 


SI 


01 


BP 


SP 


EAX 


EBX 


ECX 


EOX 
GENERAL PURPOSE 
ESI 
REGISTERS 


EOI 


EBP 


ESP 


15 


CS 


SS 


OS 
SEGIoIENT 


\. 
ES 
REGISTERS 


FS 


GS 


31 
0 


I 
I 


EFLAGS] 


FLAGS AND 
INSTRUCTION 
EIP 
POINTER 


31 
0 
I 
I 
CRO 
~ 
CONTROL 
REGISTER 


47 
16 
15 
0 


481 


I 
I 


\lDTR ] 


63 
10TR 


I 


SVSTEIoIADDRESS 


LOTR 
REGISTERS 


TR 


31 


LINEAR BREAKPOINT ADDRESS 0 
ORO 


LINEAR BREAKPOINT ADDRESS 1 
ORl 


LINEAR BREAKPOINT ADDRESS 2 
OR2 


LINEAR BREAKPOINT ADDRESS 3 
OR3 
• 


DEBUG 
OR4 
REGISTERS 


OR5 


BREAKPOINT STATUS 
OR6 


BREAKPOINT CONTROL 
OR7 
240162-47 


- 
INTEL RESERVED DO NOT USE 
240162-5 


Figure 2.1. 80376 Base Architecture 
Registers 
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General 
Registers: 
The 
eight 
32-bit 
general 
pur- 


pose 
registers 
are used 
to contain 
arithmetic 
and 
logical operands. 
Four of these (EAX, EBX, ECX and 
EDX) can be used either 
in their entirety 
as 32-bit 
registers, 
as 16-bit 
registers, 
or split 
into 
pairs 
of 
separate 
8-bit registers. 


Segment 
Registers: 
Six 16-bit special purpose 
reg- 
isters 
select, 
at any given 
time, 
the 
segments 
of 
memory 
that are immediately 
addressable 
for code, 
stack, and data. 


Flags 
and 
Instruction 
Pointer 
Registers: 
These 
two 
32-bit 
special 
purpose 
registers 
in Figure 
2.1 
record or control 
certain 
aspects 
of the' 80376 proc- 
essor 
state. 
The 
EFLAGS 
register 
includes 
status 
and control 
bits that are used to reflect the outcome 
of many 
instructions 
and 
modify 
the 
semantics 
of 
some 
instructions. 
The 
Instruction 
Pointer, 
called 
EIP, is 32 bits wide. The Instruction 
Pointer controls 


instruction 
fetching 
and the processor 
automatically 
increments 
it after executing 
an instruction. 


Control 
Register: 
The 32-bit control 
register, 
CRO, 
is used to control 
Coprocessor 
Emulation. 


System 
Address 
Registers: 
These 
four 
special 
registers 
reference 
the tables or segments 
support- 
ed by the 80376/80386 
protection 
model. These ta- 
bles or segments 
are: 


GDTR (Global 
Descriptor 
Table 
Register), 
IDTR (Interrupt 
Descriptor 
Table Register), 
LDTR (Local 
Descriptor 
Table Register), 
TR (Task State Segment 
Register). 


Debug 
Registers: 
The six programmer 
accessible 
debug 
registers 
provide 
on-chip 
support 
for debug- 
ging. The use of the debug registers 
is described 
in 
Section 
2.11 Debugging 
Support. 


EFLAGS 
REGISTER 


The 
flag 
Register 
is 
a 
32-bit 
register 
named 
EFLAGS. 
The 
defined 
bits 
and 
bit 
fields 
within 
EFLAGS, 
shown in Figure 2.2, control 
certain opera- 
tions and indicate the status of the 80376 processor. 
The function 
of the flag bits is given in Table 2.1. 


L----TRAP 
'------lNTERRUPT 


'------- 
OIREcnON 
'--------------RESU.E 


IZ] - INTEL 
RESERVED 
DO NOT USE 
240182-5 


SPECIAL 
FIELDS: 


I/o PRIVILEGE 
LEVEL------------, 


NESTED 
TASK--------, 


STA.TUS 
FLAGS: 


.--------------OVERFLOW 


.----------SIGN 


,--------ZERO 


,------ 
AUXCARRY 


,....---PARITY 


CARRY 


CONTROL 
FLAGS 


240182-3 


.ONITORCOPROCESSOR 
-, 


E.ULATECOPROCESSOR 
-, 


TASKSWITCHED 
-, 


1 eRO 


FIgure 2.2. Status and Control 
Register 
Bit Functions 
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Table 2 1 Flag Definitions 
.. 


Bit Position 
Name 
Function 


0 
CF 
Carry 
Flag-Set 
on high-order 
bit carry or borrow; 
cleared 
otherwise. 


2 
PF 
Parity Flag-Set 
if low-order 
8 bits of result contain 
an even number 
, 
of 1-bits; cleared 
otherwise. 


4 
AF 
Auxiliary 
Carry 
Flag-Set 
on carry from or borrow 
to the low order 
four bits of AL; cleared 
otherwise. 


6 
ZF 
Zero Flag-Set 
if result is zero; cleared 
otherwise. 


7 
SF 
Sign 
Flag-Set 
equal 
to high-order 
bit of result 
(0 if positive, 
1 if 


negative). 


8 
TF 
Single 
Step Flag-Once 
set, a single 
step interrupt 
occurs 
after the 
next instruction 
executes. 
TF is cleared 
by the single step interrupt. 


9 
IF 
Interrupt-Enable 
Flag-When 
set, external 
interrupts 
signa led on the 
INTR pin will cause the CPU to transfer 
control 
to an interrupt 
vector 


" 
specified 
location. 


10 
DF 
Direction 
Flag-Causes 
string instructions 
to auto-increment 
(default) 
the appropriate 
index registers 
when cleared. 
Setting 
DF causes 
auto- 


decrement. 


11 
OF 
Overflow 
Flag-Set 
if the operation 
resulted 
in a carry/borrow 
into 
the 
sign 
bit 
(high-order 
bit) 
of 
the 
result 
but 
did 
not 
result 
in a 


carry/borrow 
out of the high-order 
bit or vice-versa. 


12,13 
10PL 
I/O 
Privilege 
Level-Indicates 
the 
maximum 
CPL 
permitted 
to 
execute 
I/O 
instructions 
without 
generating 
an exception 
13 fault 
or 
consulting 
the I/O permission 
bit map. It also indicates 
the maximum 
CPL value allowing 
alteration 
of the IF bit. 


14 
NT 
Nested 
Task-'Indicates 
that 
the 
execution 
of the 
current 
task 
is 
nested 
within another 
task (see Task Switching). 


16 
RF 
Resume 
Flag-Used 
in conjunction 
with debug register breakpoints. 
It 


is checked 
at instruction 
boundaries 
before 
breakpoint 
processing. 
If 


set, any debug fault is ignored on the next instruction. 
It is reset at the 
successful 
completion 
of any 
instruction 
except 
IRET, 
POPF, 
and 
those 
instructions 
causing 
task switches. 


CONTROL 
REGISTER 


The 80376 has a 32-bit control 
register called CRO that is used to control 
coprocessor 
emulation. 
This register 
is shown in Figures, 2.1 and 2.2. The defined 
CRO bits are described 
in Table 2.2. Bits 0, 4 and 31 of CRO have 
fixed values in the 80376. These values cannot 
be changed. 
Programs 
that load CRO should always load bits 
0, 4 and 31 with values 
previously 
there to be compatible 
with the 80386. 


Table 2.2. CRO Definitions 


Bit Position 
Name 
Function 


1 
MP 
Monitor 
Co processor 
Extension-Allows 
WAIT instructions 
to cause. 


a processor 
extension 
not present 
exception 
(number 
7). 


2 
EM 
Emulate 
Processor 
Extension-When 
set, 
this 
bit 
causes 
a 
processor 
extension 
not 
present 
exception 
(number 
7) 
on 
ESC 
instructions 
to allow processor 
extension 
emulation. 


3 
TS 
Task Switched-When 
set, this bit indicates 
the next instruction 
using 
a processor 
extension 
will cause exception 
7, allowing 
software 
to test 
whether 
the 
current 
processor 
extension 
context 
belongs 
to 
the 
current 
task (see Task SwitChing). 
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2.2 Instruction Set 


The instruction 
set is divided 
into nine categories 
of 
operations: 


Data Transfer 
Arithmetic 
Shift/Rotate 
String Manipulation 
Bit Manipulation 
Control 
Transfer 
High Level Language 
Support 
Operating 
System 
Support 
Processor 
Control 


These 80376 processor 
instructions 
are listed in Ta- 
ble 8.1 80376 
Instruction 
Set 
and 
Clock 
Count 
Summary. 


All 80376 processor 
instructions 
operate 
on either 0, 
1, 2 or 3 operands; 
an operand 
resides in a register, 
in the instruction 
itself, or in memory. 
Most zero op- 
erand instructions 
(e.g. CLI, STI) take only one byte. 
One 
operand 
instructions 
generally 
are two 
bytes 
long. 
The 
average 
instruction 
is 3.2 
bytes 
long. 
Since the 80376 
has a 16-byte 
prefetch 
instruction 
queue 
an 
average 
of 5 instructions 
can 
be 
pre- 
fetched. 
The use of two operands 
permits the follow- 
ing types of common 
instructions: 


Register 
to Register 
Memory 
to Register 
Immediate 
to Register 
Memory 
to Memory 
Register 
to Memory 
Immediate 
to Memory 


The operands 
are either 8-, 16- or 32-bit long. 


2.3 Memory Organization 


Memory 
on the 80376 is divided 
into 8-bit quantities 
(bytes), 
16-bit quantities 
(words), 
and 32-bit 
quanti- 
ties (dwords). 
Words 
are stored 
in two consecutive 
bytes in memory 
with the low-order 
byte at the low- 
est address. 
Dwords 
are stored 
in four consecutive 
bytes in memory 
with the low-order 
byte at the low- 
est address. 
The address 
of a word or Dword is the 
byte address 
of the 
low-order 
byte. 
For maximum 
performance 
word 
and dword 
values 
should 
be at 
even physical 
addresses. 


In addition to these basic data types the 80376 proc- 
essor 
supports 
segments. 
Memory 
can be divided 
up into one or more variable 
length segments, 
which 
can be shared 
between 
programs. 


ADDRESS 
SPACES 


The 
80376 
has 
three 
types 
of 
address 
spaces: 


logical, 
linear, 
and 
physical. 
A 
logical 
address 
(also known 
as a virtual 
address) 
consists 
of a se- 
lector and an offset. 
A selector 
is the contents 
of a 
segment 
register. An offset is formed 
by summing 
all 
of the addressing 
components 
(BASE, 
INDEX, and 
DISPLACEMENT), 
discussed 
in 
Section 
2.4 
Addressing 
Modes, 
into an effective 
address. 


Every selector 
has a logical 
base address 
associat- 
ed with it that can be up to 32 bits in length. This 32- 
bit logical 
base 
address 
is added 
to either a 32-bit 
offset 
address 
or a 16-bit offset 
address 
(by using 
the address length prefix Ho form 
a final 
32-bit 
linear 
address. This final linear 
address is then trun- 
cated 
so that only the lower 24 bits of this address 
are used to address the 16 Mbytes physical 
memory 
address 
space. The logical 
base 
address 
is stored 
in one of two operatinq 
system tables 
(i.e. the Local 
Descriptor 
Table or Global 
Descriptor 
Table). 


Figure 2.3 shows 
the relationship 
between 
the vari- 
ous address 
spaces. 


9-10 


inter 
376EMBEDDED 
PROCESSOR 


EFFECTIVE ADDRESS 
CALCULATION 


15 
0 


32 
16 Iolbyt. 
Physical 
~.mory 


OFFFFFFH 


24 


Descrlptor 
Tabl. 
(GOT or lOT) 


: 
BHE,. 
, 
BlE,. 


'A23-Al 
~I~~-:: 
A::.~•.. 


Bose 
~I~~-:: 
A::.~•.. 


Base 


IolEIolORY IolANAGEIolENT UNIT 
----------------------- 
240162-6 


Figure 2.3. Address 
Translation 


ister is used. The segment 
register 
is automatically 
chosen according 
to the rules of Table 2.3 (Segment 
Register 
Selection 
Rules). 
In general, 
data 
refer- 


ences use the selector 
contained 
in the OS register, 


stack references 
use the SS register 
and instruction 


fetches 
use the CS register. 
The contents 
of the In- 
struction 
Pointer provide the offset. Special segment 
override 
prefixes 
allow 
the 
explicit 
use of a given 
segment 
register, 
and override 
the implicit 
rules list- 
ed in Table 2.3. The override 
prefixes 
also allow the 
use of the ES, FS and GS segment 
registers. 


SEGMENT 
REGISTER 
USAGE 


The main data structure 
used to organize 
memory 
is 
the segment. 
On the 80376, 
segments 
are variable 
sized blocks 
of linear addresses 
which 
have certain 
attributes 
associated 
with them. There are two main 
types of segments, 
code and data. The simplest 
use 
of segments 
is to have one code and data segment. 


Each segment 
is 16 Mbytes in size overlapping 
each 
other. 
This allows 
code 
and data to be directly 
ad- 
dressed 
by the same offset. 


In order 
to 
provide 
compact 
instruction 
encoding 
and 
increase 
processor 
performance, 
instructions 
do not need to explicitly 
specify which segment 
reg- 


There 
are no restrictions 
regarding 
the overlapping 
of the base addresses 
of any segments. 
Thus, all 6 
segments 
could have the base address 
set to zero. 
Further 
details 
of 
segmentation 
are 
discussed 
in 
Section 
3.0 Architecture. 
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Table 
2.3. Segment 
Register 
Selection 
Rules 


Type of 
Implied 
(Default) 
Segment 
Override 


Memory 
Reference 
Segment 
Use 
Prefixes 
Possible 


Code Fetch 
CS 
None 


Destination 
of PUSH, PUSHF, INT, 
SS 
None 
CALL, PUSHA Instructions 


Source of POP, POPA, POPF, IRET, 
SS 
None 
RET Instructions 
- 


Destination 
of STOS, 


v: 


MOVS, REP STOS, 
ES 
None 
REP MOVS Instructions 
(01 is Base Register) 
." 


Other Data References, 
with Effective 
Address 
Using Base Register of: 
[EAX] 
OS 
CS, SS, ES, FS, GS 


[EBX] 
OS 
CS, SS, ES, FS, GS 


[ECX] 
OS 
CS, SS, ES, FS, GS 
[EDX] 
OS 
CS, SS, ES, FS, GS 
[ESIl 
OS 
CS, SS, ES, FS, GS 


[EDIl 
OS 
CS, SS, ES, FS, GS 
[EBP] 
SS 
CS, SS, ES, FS, GS 
[ESP] 
SS 
CS, SS, ES, FS, GS 


2.4 Addressing Modes 


The 80376 
provides 
a total of 8 addressing 
modes 
for instructions 
to specify operands. 
The addressing 
modes are optimized 
to allow the efficient 
execution 
of high level languages 
such as C and FORTRAN, 
and they cover the vast majority 
of data references 
needed 
by high-level 
languages. 


Two 
of the 
addressing 
modes 
provide 
for instruc- 
tions 
that 
operate 
on 
register 
or immediate 
oper- 
ands: 


Register 
Operand 
Mode: The operand 
is located 
in 
one of the 8-, 16- or 32-bit general 
registers. 


Immediate 
Operand 
Mode: 
The operand "is includ- 
ed in the instruction 
as part of the opcode. 


The 
remaining 
6 modes 
provide 
a mechanism 
for 
specifying 
the effective 
address 
of an operand. 
The 
linear address 
consists 
of two components: 
the seg- 


ment 
base address 
and an effective 
address. 
The 
effective 
address 
is 
calculated 
by' summing 
any 


combination 
of the following 
three address elements 


(see Figure 2.3): 


DISPLACEMENT: 
an 8-, 16- or 32-bit immediate 
val- 


ue following 
the instruction. 
' 


BASE: 
The contents 
of any general 
purpose 
regis- 
ter. The base registers 
are generally 
used by compil- 


ers to point 
to the start of the local variable 
area, 


Note that if the Address Length Prefix is used, only 
BX and BP can be used as a BASE register. 


INDEX: 
The contents 
of any general 
purpose 
regis- 
ter except 
for ESP. The index registers 
are used to 
access the elements 
of an array, or a string of char- 


acters. 
The index register's 
value can be multiplied 
by a scale factor, either 1, 2, 4 or 8. The scaled index 
is especially 
useful 
for 
accessing 
arrays 
or struc- 


tures. 
Note 
that 
if the Address Length Prefix is 
used, no Scaling 
is available 
and only the registers 
SI and 01 can be used to INDEX. 
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Combinations 
of these 3 components 
make up the 6 
additional 
addressing 
modes. 
There 
is no perform- 
ance penalty for using any of these addressing 
com- 
binations, 
since the effective 
address 
calculation 
is 
pipe lined 
with 
the 
execution 
of other 
instructions. 


The one exception 
is the simultaneous 
use of BASE 
and 
INDEX 
components 
which 
requires 
one 
addi- 
tional clock. 


As shown in Figure 2.4, the effective 
address 
(EA) of 
an operand 
is calculated 
according 
to the following 
formula: 


EA = BASER~ter 
+ (INDEXRegisterXscaling) 
+ 


DISPLACEMENT 


1. Direct 
Mode: 
The operand's 
offset 
is contained 
as part of the instruction 
as an 8-, 16- or 32-bit 
DISPLACEMENT. 


2. Register 
Indirect 
Mode: 
A BASE 
register 
con- 
tains the address 
of the operand. 


3. Based Mode: A BASE register's 
contents 
is add- 
ed to a DISPLACEMENT 
to form 
the operand's 
offset. 


4. Scaled 
Index 
Mode: 
An 
INDEX 
register's 
con- 
tents 
is multiplied 
by a SCALING 
factor 
which 
is 
added 
to a DISPLACEMENT 
to form 
the 
oper- 
and's offset. 


5. Based 
Scaled 
Index 
Mode: The contents 
of an 
INDEX register 
is multiplied 
by a SCALING 
factor 
and the result is added to the contents 
of a BASE 
register to obtain the operand's 
offset. 


6. Based 
Scaled 
Index 
Mode with Displacement: 
The contents 
of an INDEX register 
are multiplied 
by a SCALING 
factor, 
and the result 
is added 
to 
the contents 
of a BASE register and a DISPLACE- 
MENT to form the operand's 
offset. 


SEGI.4ENT REGISTER 


SS 
GS 
FS 
ES 
OS 


-- 
cs 


DESCRIPTOR 
REGISTERS 


ss 


ACCESS 
RIGHTS 
CS 


LlI.4IT 


BASE ADDRESS 


+}+-----I 


GS 
FS 
ES 
OS 


EFFECTIVE 
ADORE SS 


-: 
" 


LINEAR 
ADDRESS ~ TARGET ADDRESS 


------~ 
SEGI.4ENT BASE ADDRESS 


SEGI.4ENT 
LlI.4IT 


240182-7 


SELECTED 
SEGI.4ENT 


Figure 2.4. Addressing 
Mode Calculations 
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biers. The Operand 
Length and Address 
Length Pre- 
fixes can be applied 
separately 
or in combination 
to 
any instruction. 
The 80376 
executes 
code with a default 
length 
for 
operands 
and addresses 
of 32 bits. The 
80376 
is 
also able to execute 
operands 
and addresses 
of 16 
bits. This 
is specified 
through 
the 
use of override 
prefixes. 
Two prefixes, 
the Operand 
Length 
Prefix 
and the Address 
Length 
Prefix, 
override 
the de- 
fault 32-bit length on an individual 
instruction 
basis. 


These 
prefixes 
are automatically 
added 
by assem- 


The 80376 
normally 
executes 
32-bit code and uses 
either 
8- or 32-bit 
displacements, 
and any register 
can be used as based or index registers. 
When exe- 
cuting 16-bit code (by prefix overrides), 
the displace- 
ments are either 8 or 16 bits, and the base and index 
register conform 
to the 16-bit model. Table 2.4 illus- 
trates the differences. 


Table 2.4. BASE and INDEX Registers 
for 16- and 32-Blt Addresses 


16-Bit Addressing 
32-Bit Addressing 


BASE REGISTER 
BX,BP 
Any 32-Bit GP Register 


INDEX REGISTER 
SI,DI 
Any 32-Bit GP Register 
except ESP 


SCALE FACTOR 
None 
1,2,4,8 


DISPLACMENT 
0,8,16 
Bits 
0,8,32 
Bits 


2.5 Data Types 


Bit: 


Bit Field: 


The 80376 supports 
all of the data types commonly 
used in high level languages: 


Bit String: 


Byte: 


Unsigned 
Byte: 


Integer (Word): 


Long Integer (Double Word): 


Unsigned 
Integer (Word): 


Unsigned 
Long Integer 
(Double Word): 


Signed Quad Word: 


Unsigned 
Quad Word: 


Pointer: 


Long Pointer: 


Char: 


String: 


BCD: 


Packed BCD: 


A single bit quantity. 


A group of up to 32 contiguous 
bits, which spans a maximum 
of four 
bytes. 


A set of contiguous 
bits, on the 80376 bit strings can be up to 16 Mbits 
long. 


A signed 8-bit quantity. 


An unsigned 
8-bit quantity. 


A signed 16-bit quantity. 


A signed 32-bit quantity. All operations 
assume a 2's complement 
representation. 


An unsigned 
16-bit quantity. 


An unsigned 
32-bit quantity. 


A signed 64-bit quantity. 


An unsigned 
64-bit quantity. 


A 16- or 32-bit offset only quantity which indirectly 
references 
another 
memory location. 


A full pointer which consists 
of a 16-bit segment 
selector 
and either a 
16- or 32-bit offset. 


A byte representation 
of an ASCII Alphanumeric 
or control 
character. 


A contiguous 
sequence 
of bytes, words or dwords. A string may 
contain between 
1 byte and 16 Mbytes. 


A byte (unpacked) 
representation 
of decimal digits 0-9. 


A byte (packed) 
representation 
of two decimal digits 0-9 
storing one 
digit in each nibble. 
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When the 80376 is coupled with a numerics 
Coprocessor 
such as the 80387SX 
then the following 
common 
Floating 
Point types are supported. 


Floating 
Point: 
A signed 32-, 64- or 80-bit real number representation. 
Floating point 
numbers are supported 
by the 80387SX 
numerics 
coprocessor. 


Figure 2.5 illustrates 
the data types supported 
by the 80376 processor 
and the 80387SX 
coprocessor. 
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2.6 1/0 Space 


The 
80376 
has two 
distinct 
physical 
address 
spaces: physical memory and I/O. Generally, pe- 
ripherals are placed in I/O 
space although the 
80376 also supports memory-mapped peripherals. 
The I/O space consists of 64 Kbytes which can be 
divided into 64K 8-bit ports, 32K 16.-bitports, or any 
combination of eQrtswhich add to no more than 64 
Kbytes. The M/IO pin acts as an additional address 
line, thus allowing the system designer to easily de- 
termine which address, space the processor is ac- 
cessing. Note that the I/O address refers to a physi- 
cal address. 


The I/O ports are accessed by the IN and OUT in- 
structions, with the port address supplied as-an im- 
mediate 8-bit constant in the instruction or in the OX 
register. All 8-bit and 16-bit port addresses are zero 
extended on the upper address lines. The I/O in- 
structions cause the M/IO pin to be driven LOW. I/O 
port addresses 00F8H thrQughOOFFHare reserVed 
for use by Intel. 


2.7 Interrupts 
and Exceptions 


Interrupts and exceptions alter the normal program 
flow in order to handle external events, report errors 
or exceptional conditons. The difference between in- 
terrupts and exceptions is that interrupts are used to 
handle asynchronous external events while excep- 
tions handle instruction faults. Although a program 
can generate a software interrupt via an INT N in- 
struction, the processor treats software interrupts as 
exceptions. 


Hardware interrupts occur as the result of an exter- 
nal event and are classified into two types: maskable 
or non-maskable. Interrupts are serviced after the 
execution of the current instruction. After the inter- 
rupt handler is finished servicing the interrupt, exe- 
cution proceeds with the instruction immediately 


• after the interrupted instruction. 


Exceptions are classified as faults, traps, or aborts 
depending on the way they are reported, and wheth- 
er or not restart of the instruction causing the excep- 
tion is suported. Faults are exceptions that are de- 
tected and serviced before 
the execution of the 
faulting instruction. Traps 
are exceptions that are 
reported immediately after the execution of the in- 
struction which caused the problem. Aborts are ex- 
ceptions which do not permit the precise location of 
the instruction causing the exception to be deter- 
mined. Thus, when an interrupt service routine has 
been completed, execution proceeds from the in- 


struction immediately following the interrupted in- 
struction. On the other hand the return address from 
an exception/fault' routine will always point at the 
instruction causing the exception and include any 
leading instruction prefixes. Table 2.5 summarizes 
the possible interrupts for the 80376 and shows 
where the return address points to. ' 


The 80376 has the ability to handle up to 256 differ- , 
ent interrupts/exceptions. In order to service the in- 
terrupts, a table with up to 256 interrupt vectors 
must be defined. The interrupt vectors are simply 
pointers to the appropriate interrupt service routine. 
The interrupt vectors are 8-byte quantities, which are 
put in an Interrupt Oescriptor Table. Of the 256 pos- 
sible interrupts, 32 are reserved for use by Intel and 
the remaining 224 are free to be used by the system 
designer. 


INTERRUPT 
PROCESSING 


, 


When an interrupt occurs the following actions hap- 
pen. First, the current program address and the 
Flags are saved on the stack to allow resumption of 
the interrupted program. Next, an 8-bit vector is sup- 
plied to the 80376 which identifies the appropriate 
entry in the interrupt table. The table contains either 
an Interrupt Gate, a Trap Gate or a Task Gate that 
will point to an interrupt procedure or task. The user 
supplied interrupt service routine is executed. Final- 
ly, when an IRET instruction is executed the old 
processor state is restored and program execution 
resumes at the appropriate instruction. 


The 8-bit interrupt vector is supplied to the 80376 in 
several different ways: exceptions supply the inter- 
rupt vector internally; software INT instructions con- 
tain or imply the vector; maskable hardware inter- 
rupts supply the 8-bit vector via the interrupt ac- 
knowledge bus sequence. Non-Maskable hardware 
interrupts are assigned.to interrupt vector 2. 


Maskable 
Interrupt 


Maskable interrupts are the most common way to 
respond to asynchronous external hardware events. 
A hardware interrupt occurs whenthe INTR is pulled 
HIGH and the Interrupt Flag bit (IF) is enabled. The 
processor only responds to interrupts between in- 
structions (string instructions have an "interrupt win- 
dow" between memory moves which allows inter- 
rupts during long string moves). When an interrupt 
occurs the processor reads an 8-bit vector supplied 
by the hardware which identifies the source of the 
interrupt (one of 224 user defined interrupts). 
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Table 2.5. Interrupt 
Vector 
Assignments 
... 


Instruction 
Which 
Return Address 


Function 
Interrupt 
Can Cause 
Points 
to 
Type 
Number 
Faulting 


l 
Exception 
Instruction 


Divide Error 
0 
DIV,IDIV 
Yes 
FAULT 


Debug Exception 
. 
1 
Any Instruction 
), 
Yes 
TRAp· 


NMI Interrupt 
2 
INT 2 or NMI 
-" 
No 
NMI 


One- Byte Interrupt 
3 
INT 
, 


No 
TRAP 
c 


Interrupt 
on Overflow 
4 
INTO 
. 
I 
No 
TRAP 


Array Bounds Check 
I 
5 
BOUND 
Yes 
FAULT 


Invalid OP·Code 
6 
Any Illegal Instruction 
Yes 
FAULT 


Device Not Available 
, 
7 
ESC, WAIT 
Yes 
FAULT 


Double Fault 
8 
Any Instruction 
That Can 
ABORT 
Generate 
an Exception 


Coprocessor 
Segment 
Overrun 
9 
ESC 
No 
ABORT 


InvalidTSS 
10 
JMP, CALL, IRET, INT 
Yes 
FAULT 


Segment 
Not Present 
11 
Segment 
Register 
Instructions 
Yes 
FAULT 


Stack Fault 
12 
Stack References 
Yes 
FAULT 


General 
Protection 
Fault 
13 
Any Memory Reference 
Yes 
FAULT 


Intel Reserved 
14-15 
- 
- 
- 


Coprocessor 
Error 
16 
ESC, WAIT 
'! 
Yes 
FAULT 


Intel Reserved 
17-32 
-' 
I .,. 


Two-Byte 
Interrupt 
0-255 
INTn 
No 
TRAP 


:Some 
debug 
exceptions 
may report 
both 
traps 
on the previous 
mstrucnon, 
and faults 
on the next Instruction, 


Interrupts 
through 
Interrupt 
Gates 
automatically' 
reo' 


set IF, disabling 
INTR requests. 
Interrupts 
through 
Trap Gates leave the state of the IF bit unchanged. 
Interrupts 
through 
a Task Gate change 
the IF bit ac- 
cording 
to the image of the EFLAGs 
register 
in the 
task's 
Task 
State 
Segment 
(TSS). 
When 
an IRET 
instruction 
is executed, 
the original state of the IF bit 
is restored. 


Non-Maskable 
Interrupt 


Non-maskable 
interrupts 
provide a method of servic- 
ing very high priority 
interrupts. 
When the NMI input 
is pulled HIGH it causes an interrupt with an internal- 
ly supplied 
vector 
value of 2. Unlike a normal 
hard- 
ware 
interrupt 
no 
interrupt 
acknowledgement 
se- 
quence 
is performed 
for an NMI. 


While 
executing 
the 
NMI 
servicing 
procedure, 
the 
80376 will not service 
any further 
NMI request, 
or 
INT requests, 
until an interrupt 
return (IRET) instruc- 


t 


tion 
is executed 
or the 
processor 
is reset. 
If NMI 


occurs while currently 
servicing 
an NMI, its presence 
will be saved 
for servicing 
after 
executing 
the first 
IRET instruction. 
The disabling 
of INTR requests 
de- 


pends on the gate in IDT location 
2. 


Software 
Interrupts 


A third type of interrupti 
exception 
for the 80376 is 
the software 
interrupt. 
An INT n instruction 
causes 
the processor 
to execute 
the interrupt 
service 
rou- 
tine pointed to by the nth vector in the interrupt 
table. 


A special 
case 
of the 
two 
byte 
software 
interrupt 
INT n is the one byte INT 3, or breakpoint 
interrupt. 


By inserting 
this one byte instruction 
in a program, 
the 
user can 
set breakpoints 
in his program 
as a 
debugging 
tool. 
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A final type of software 
interrupt, 
is the single 
step 
interrupt. 
It is discussed 
in Single-Step 
Trap 
(page 
22). 


INTERRUPT 
AND 
EXCEPTION 
PRIORITIES 


Interrupts 
are externally-generated 
events. 
Maska- 
ble Interrupts 
(on the INTR input) and Non-Maskable 
Interrupts 
(on the 
NMI input) are recognized 
at in- 
struction 
boundaries. 
When 
NMI 
and 
maskable 
INTR are both 
recognized 
at the same 
instruction 
boundary, 
the 80376 
invokes 
the NMI service 
rou- 
tine first. If, after the NMI service 
routine 
has been 
invoked, 
maskable 
interrupts 
are still enabled, "then 
the 80376 will invoke the appropriate 
interrupt 
serv- 
ice routine. 


As the 80376 executes 
instructions, 
it follows 
a con- 
sistent cycle in checking 
for exceptions, 
as shown in 
Table 2.6. This cycle is repeated 
as each instruction 
is executed, 
and occurs 
in parallel 
with 
instruction 
decoding 
and execution. 


INSTRUCTION 
RESTART 


The 
80376 
fully supports 
restarting 
all instructions 
after faults. If an exception 
is detected 
in the instruc- 
tion to be executed 
(exception 
categories 
4 through 
9 in Table 2.6), the 80376 device invokes the appro- 
priate 
exception 
service 
routine. 
The 80376 
is in a 
state that permits 
restart of the instruction. 


DOUBLE 
FAULT 


A Double 
fault (exception 
8) results when the proc- 
essor 
attempts 
to invoke 
an exception 
service 
rou- 
tine for the segment 
exceptions 
(10, 11, 12 or 13), 
but in the process 
of doing so, detects 
an exception. 


2.8 Reset and Initialization 


When the processor 
is Reset the registers 
have the 
values shown in Table 2.7. The 80376 will then start 
executing 
instructions 
near the top of physical 
mem- 
ory, at location 
OFFFFFOH. A short JMP should 
be 
executed 
within 
the segment 
defined 
for power-up 
(see Table 
2.7). The GOT should 
then be initialized 
for a start-up 
data and code segment 
followed 
by a 
far JMP that will load the segment 
descriptor 
cache 
with the new descriptor 
values. 
The lOT table, after 
reset, is located 
at physical 
address 
OH, with a limit 
of 256 entries. 


RESET forces 
the 80376 
to terminate 
all execution 
and 
local 
bus activity. 
No instruction 
execution 
or 
bus activity 
will occur 
as long 
as Reset 
is active. 


Between 
350 and 450 CLK2 periods 
after Reset be- 
comes 
inactive, 
the 
80376 
will 
start 
executing 
in- 
structions 
at the top of physical 
memory. 


Table 2.6. Sequence 
of Exception 
Checking 


Consider 
the case of the 80376 having just completed 
an instruction. 
It then performs 
the following 
checks 
before 
reaching 
the point where the next instruction 
is completed: 


1. Check for Exception 
1 Traps from the instruction 
just completed 
(single-step 
via Trap Flag, or Data 
Breakpoints 
set in the Debug Registers). 


2. Check for external 
NMI and INTR. 


3. Check 
for Exception 
1 Faults 
in the next 
instruction 
(Instruction 
Execution 
Breakpoint 
set in the 
Debug Registers 
for the next instruction). 


4. Check for Segmentation 
Faults that prevented 
fetching 
the entire next instruction 
(exceptions 
11 or 
13). 


5. Check 
for Faults 
decoding 
the 
next instruction 
(exception 
6 if illegal 
opcode; 
or exception 
13 if 
instruction 
is longer than 15 bytes, or privilege 
violation 
(i.e. not at IOPL or at CPL = 0). 


" 6. If WAIT opcode, 
check 
if TS = 1 and MP = 1 (exception 
7 if both are 1). 


7. If ESCape opcode 
for numeric coprocessor, 
check if EM = 1 or TS = 1 (exception 
7 if either are 1). 
8. If WAIT opcode 
or ESCape opcode 
for numeric 
coprocessor, 
check ERROR input signal (exception 
16 if ERROR 
input is asserted). 
9. Check for Segmentation 
Faults that prevent 
transferring 
the entire memory 
quantity 
(exceptions 
11, 
12, 13). 


-w.. 
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Table 2.7. Register 
Values after Reset 


Flag Word (EFLAGS) 
uuuuOO02H 
(Note 1) 


Machine Status Word (CRO) 
uuuuuuu1H 
(Note 2) 


Instruction 
Pointer (EIP) 
OOOOFFFOH 


Code Segment 
(CS) 
FOOOH 
(Note 3) 


Data Segment 
(OS) 
OOOOH 
(Note 4) 


Stack Segment 
(SS) 
OOOOH 


Extra Segment 
(ES) 
OOOOH 
(Note 4) 


Extra Segment 
(FS) 
OOOOH 


Extra Segment 
(GS) 
OOOOH 


EAX Register 
OOOOH 
(Note 5) 


EOX Register 
Component 
and Stepping 
ID 
(Note 6) 


All Other Registers 
Undefined 
(Note 7) 


NOTES: 
1. EFLAG Register. The upper 14 bits of the EFLAGS register are undefined, all defined 
flag bits are zero. 
2. CRO:The defined 4 bits in the CROis equal to 1H. 
3. The Code Segment Register (CS) will have its Base Address set to OFFFFOOOOH 
and 
Limit set to OFFFFH. 
4. The Data and Extra Segment Registers (DS and ES) will have their Base Address set 
to OOOOOOOOOH 
and Limit set to OFFFFH. 


5. If self-test is selected, the EAX should contain a 0 value. If a value of 0 is not found 
the self-test has detected a flaw in the part. 
6. EDX register always holds component and stepping identifier. 
7. All unidentified bits are Intel Reserved and should not be used. 


2.9 Initialization 


Because 
the 80376 processor 
starts executing 
in protected 
mode. certain 
precautions 
need be taken during 
initialization. 
Before 
any far jumps 
can take place the GOT and/or 
LOT tables 
need to be setup 
and their 
respective 
registers 
loaded. Before interrupts 
can be initialized the lOT table must be setup and the 10TR must 
be loaded. 
The example 
code is shown 
below: 


**************************************************************** 


This 
is 
an 
example 
of 
startup 
code 
to 
put 
either 
an 
80376, 
80386SX 
or 
80386 
into 
flat 
mode. 
All 
of 
memory 
is 
treated 
as 
simple 
linear 
RAM. 
There 
are 
no 
interrupt 
routines. 
The 
Builder 
creates 
the 
GDT-alias 
and 
IDT-alias 
and 
places 
them, 
by 
default, 
in 
GDT[l] 
and 
GDT[2]. 
Other 
entries 
in 
the 
GDT 
are 
specified 
in 
the 
Build 
file. 
After 
initialization 
it 
jumps 
to 
a 
C startup 
routine. 
To 
use 
this 
template, 
change 
this 
jmp 
address 
to 
that 
of 
your 
code, 
or 
make 
the 
label 
of 
your 
code 
• c_startup' 
• 


This 
code 
was 
assembled 
and 
built 
using 
version 
1.2 
of 
the 
Intel 
RLL 
utilities 
and 
Intel 
386ASM 
assembler. 


*** 
This 
code 
was 
tested 
*** 


**************************************************************** 
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NAME 
FLAT 
name 
of the 
object 
module 


EXTRN 
c_startup 
:near 


pe_flag 
data_selc 
equ 
1 
equ 
20h 


this 
is the 
label 
jmped 
to 
after 
init 


; ass~e 
code 
is GDT[3] , data 
GDT[4] 


SEGMENT 
ER 
PUBLIC 
USE32 
; Segment 
base 
at 
Offffff80h 


PUBLIC 
GDT_DESC 


gdLdesc 
dq 
'? 


PUBLIC 
START 


start: 
cld 
smsw 
bx 
test 
bl,l 
jnz 
pestart 
real start 
db 
66h 
mov 
eax,offset 
gdt_desc 
xor 
ebx,ebx 
mov 
bh,ah 
move 
bl,al 
db 
67h 
db 66h 
Lgd't cs:[ebx] 
smsw 
ax 
or al,pe_flag 
lmsw 
ax 


jmp 
next 
pestart: 
mov 
ebx,offset 
gdt_desc 
xor 
eax,eax 
mov 
aX,bx 
Lgdt 
cs: [eax] 
xor 
ebx,ebx 
mov 
bl,data_selc 
mov 
dS,bx 
mov 
sS,bx 
mov 
eS,bx 
mov 
fs,bx 
mov 
gs,bx 
jmp 
pejump 
next: 
xor 
ebx,ebx 
mov 
bl,data_selc 
mov 
ds,bx 
mov 
ss,bx 
mov 
es,bx 
mov 
fs,bx 
mov 
gs,bx 
db 
66h 
pejump: 
jmp 
far 
ptr 
c_startup 


org 
70h 
jmp 
short 
start 
INIT_CODE 
ENDS 
END 


clear 
direction 
flag 
check 
for 
processor 
(80376) 
at 
reset 
use 
SMSW 
rather 
than 
MOV 
for 
speed 


is an 
80386 
and 
in real 
mode 
force 
the 
next 
operand 
into 
32-bit 
mode. 
move 
address 
of the 
GDT 
descriptor 
into 
eax 
clear 
ebx 
load 
8 bits 
of address 
into 
bh 
load 
8 bits 
of address 
into 
bl 


use 
the 
32-bit 
form 
of LGDT 
to 
load 
the 
32-bits 
of address 
into 
the 
GDTR 
go 
into 
protected 
mode 
(set PE 
bit) 


flush 
prefetch 
queue 


lower 
portion 
of address 
only 


initialize 
data 
selectors 
GDT[3] 


initialize 
data 
selectors 
GDT[3] 


for 
the 
80386, 
need 
to make 
a 32-bit 
jump 


but 
the 
80376 
is already 
32-bit. 


only 
if 
segment 
base 
is at 
Offffff80h 
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This code should be linked into your application 
for boot loadable 
code. The following 
build file illustrates 
how 
this is accomplished. 


FLAT; -- build program id 


SEGMENT 


*segments 
(dpl=O), 


·_phantom_code_ 
(dpl=O), 


_phantom_data_ 
(dpl=O), 
init_code 
(base=Offffff80h); 


GATE 
g13 
(entry:13, dpl=O, trap), 
i32 (entry=32, dpl=O, interrupt), 


TABLE 
create GDT 


GDT (LOCATION = GDT_DESC, 


ENTRY = 
(3:_phantom_code_, 
4:_phantom_data_, 
5:code32, 
6:data, 
7:iniLcod~) 
) ; 


TASK 


MAIN_TASK 


( 
DPL 
= 0, 


DATA = DATA, 


CODE = main, 


STACKS = 
(DATA), 


NO INTENABLED, 
PRESENT 
) ; 


Give all user segments a DPL of O. 
These two segments are created by 
the builder when the FLAT control is used. 
Put startup code at the reset vector area. 


trap gate disables 
interrupts 
interrupt gates doesn't 


In a buffer starting at GDT_DESC, 
BLD386 places the GDT base and 
GDT limit values. Buffer must be 
6 bytes long. The base and limit 
values are places in this buffer 
as two bytes of limit plus 
four bytes of base in the format 
required for use by the LGDT 
instruction. 
Explicitly 
place segment 
-- entries into the GDT. 


Task privilege 
level is O. 
Points to a segment that 
indicates initial DS value. 
Entry point is main, which 
must be a public id. 


Segment id points to stack 
segment. Sets the initial SS:ESP. 
Disable interrupts. 
Present bit in TSS set to 1. 


MEMORY 
(RANGE = 
(EPROM = ROM(Offff8000h ••Offffffffh), 
DRAM = RAM(O ••Offffh)), 
ALLOCATE = (EPROM = 
(MAIN_TASK))); 


END 


asm386 flatsim.a38 debug 
asm386 application.a38 
debug 
bnd386 application.obj,flatsim.obj 
nolo debug oj (application.bnd) 
bld386 application.bnd 
bf 
(flatsim.bld) bl flat 


Commands 
to assemble 
and build a boot-Ioadable 
application 
named "application.a38". 
The initialization 
code 
is called 
"flatsim.a38", 
and build file is called 
"application.bld". 
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2.10 Self-Test 


The 80376 
has the capability 
to perform 
a self-test. 


The self-test 
checks the function 
of all of the Control 
ROM and most of the non-random 
logic of the part. 


Approximately 
one-half 
of the 80376 
can be tested 
during self-test. 


Self-Test 
is initiated 
on the 80376 when the RESET 
pin transitions 
from HIGH to LOW, and the BUSY pin 
is LOW. The self-test 
takes about 220 clocks, 
or ap- 


proximately 
33 ms with a 16 MHz 80376 processor. 


At the 
completion 
of 
self-test 
the 
processor 
per- 
forms 
reset and begins 
normal 
operation. 
The part 
has successfully 
passed 
self-test 
if the contents 
of 


.the EAX register 
is zero. 
If the EAX register 
is not 
zero then 
the self-test 
has detected 
a flaw 
in the 
part. If self-test 
is not selected 
after reset, EAX may 
be non-zero 
after reset. 


DEBUG 
REGISTERS 


2.11 Debugging Support 


The 80376 
provides 
several 
features 
which 
simplify 


the debugging 
process. 
The three categories 
of on- 
chip debugging 
aids are: 


1. The code execution 
breakpoint 
opcode 
(OCCH). 


2. The single-step 
capability 
provided 
by the TF bit 
in the flag register, 
and 


3. The code and data breakpoint 
capability 
provided 
by the Debug Registers 
ORO-3, 
OR6, and OR7. 


BREAKPOINT 
INSTRUCTION 


A single-byte 
software 
interrupt 
(Int 3) breakpoint 
in- 


struction 
is available 
for use by software 
debuggers. 


The breakpoint 
opcode 
is OCCh, and generates 
an 
exception 
3 trap when executed. 


BREAKPOINT 
0 
OEBUG 
rAULT/TRAP 
--------------------, 


BREAKPOINT 1 DEBUG FAUlT/TRAP 
------------------, 


BREAKPOINT 
2 
DEBUG 
rAULT/TRAP 
-----------------, 


BREAKPOINT 
3 
OEBUG 
rAULT/TRAP 
----------------, 


REGISTER 
ACCESS 
FAULT 
-----, 


SINGlE-STEP 
DEBUG 
TRAP 
----, 


TASK 
SWITCH 
DEBUG 
TRAP 


DEBUG 
STATUS 
REGISTER 
"""","";-z...r,..,.., 


G~I,G~g~~ 
::~~~g:~~ 
~~~~~: t------------, 


LOCAL 
EXACT 
BREAKPOINT 
WATCH 
--------, 


GLOBAL 
EXACT 
BREAKPOINT 
WATCH 
-------, 


GLOBAL 
OEBUG 
REGISTER 
ACCESS 
DmCT 


BREAKPOINT 


....- 
-'- 
-, 
CONTROL 


DR7 


'--------------1[ 
LENI: 
BREAKPOINT 
LENGTH 
I 


- 
RWk 
WEWORY 
ACCESS 
QUALIfiER 
I 


240182-10 


1221 - 
INTEL 
RESERVED 
DO NOT USE 
240182-5 


Figure 2.6. Debug Registers 
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SINGLE-STEP 
TRAP 


If the single-step flag (TF, bit 8) in the EFLAG regis- 
ter is found to be set at the end of an instruction, a 
single-step exception occurs. The single-step ex- 
ception is auto vectored to exception number 1. 


The Debug Registers are an advanced debugging 
feature of the 80376. They allow data access break- 
points as well as code execution breakpoints. Since 
the breakpoints are indicated by on-chip registers, 
an instruction execution breakpoint can be placed in 
ROM code or in code shared by several tasks, nei- 
ther of which can be supported by the INT 3 break- 
point opcode. 


The 80376 contains six Debug Registers, consisting 
of four breakpoint address registers and two break- 
point control registers. Initially after reset, break- 
points are in the disabled state; therefore, no break- 
points will occur unless the debug registers are 
programmed. Breakpoints set up in the 
Debug 
Registers 
are 
auto-vectored 
to 
exception 
1. 
Figure 2.6 shows the breakpoint status and control 
registers. 


3.0 ARCHITECTURE 


The Intel 80376 Embedded Processor has a physi- 
cal address space of 16 Mbytes (224 bytes) and al- 
lows the running of virtual memory programs of al- 
most unlimited size (16 Kbytes 
X 
16 Mbytes or 
256 Gbytes (238 bytes)). In addition the 80376 pro- 
vides a sophisticated memory management and a 
hardware-assisted protection mechanism. 


3.1 Addressing 
Mechanism 


The 80376 uses two components to form the logical 
address, a 16-bit selector which determines the lin- 
ear base address of a segment; and a 32-bit effec- 
tive address. The selector is used to specify an 
index into an operating system defined table (see 
Figure 3.1). The table contains the 32-bit base ad- 
dress of a given segment. The linear address is 
formed by addin,gthe base address obtained from 
the table to the 32-bit effective address. This value 
is truncated to 24 bits to form the physical address, 


. which is then placed on the address bus. 


48/32 
BIT POINTER 
SEGMENT LIMIT 


SELECTED 
SEGMENT 


24 


16 


32 


BASE ADDRESS 


ACCESS 
RIGHTS 


LIMIT 


SEGMENT 
DESCRIPTOR 
240182-11 


MEMORY OPERAND 


SEGMENT BASE 
ADDRESS 


Figure 3.1. Address 
Calculation 
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3.2 Segmentation 


Segmentation is one method of memory manage- 
ment and provides the basis for protection in the 
80376. Segments are used to encapsulate regions 
of memory which have common attributes. For ex- 
ample, all of the code of a given program could be 
contained in a segment, or an operating system ta- 
ble may reside in a segment. All information about 
each segment, is stored in an 8-byte data structure 
called a descriptor. All of the descriptors in a system 
are contained in tables recognized by hardware. 


TERMINOLOGY 


The following terms are used throughout the discus- 
sion of descrlptors, privilege levels and protection: 
PL: 
Privilege 
Level-One 
of the four hierarchical 
privilege levels. Level 0 is the most privileged 
level and level 3 is the least privileged. 


RPL: 
Requestor 
Privilege 
Level-The 
privilege 
level of the original supplier of the selector. 
RPL is determined by the least two significant 
bits of a selector. 


OPL: Descriptor 
Privilege Level-This 
is the least 
privileged level at which a task may access 
that descriptor (and the segment associated 
with that descriptor). Oescriptor Privilege Lev- 
el is determined by bits 6:5 in the Access 
Right Byte of a descriptor. 


CPL: 
Current 
Privilege 
Level-The 
privilege level 
at which a task is currently executing, which 
equals the privilege level of the code seg- 
ment being executed. CPL can also be deter- 
mined by examining the lowest 2 bits of the 
CS register, except for conforming code seg- 
ments. 
EPL: 
Effective 
Privilege 
Level-The 
effective 
privilege level is the least privileged of the 
RPL and the OPL. EPL is the numerical maxi- 
mum of RPL and OPL. 
Task: One instance of the execution of a program. 
Tasks are also referred to as processes. 


DESCRIPTOR 
TABLES 


The descriptor tables define all of the segments 
which are used in an 80376 system. There are three 
types of tables on the 80376 which hold descriptors: 
the Global Oescriptor Table, Local Oescriptor Table, 
and the Interrupt Oecriptor Table. All of the tables 
are variable length memory arrays, they can range in 
size between 8 bytes and 64 Kbytes. Each table can 
hold up to 8192 8-byte descriptors. The upper 13 
bits of a selector are used as an index into the de- 
scriptor table. The tables have registers associated 
with them which hold the 32-bit linear base address, 
and the 16-bit limit of each table. 


Each of the tables have a register associated with it: 
GOTR, LOTR and IOTR; see Figure 3.2. The LGOT, 
LLOT and LlOT instructions load the base and limit 
of the Global, Local and Interrupt Oescriptor Tables 
into the appropriate register. The SGOT, SLOT and 
SlOT store these base and limit vah.•es. These are 
privileged instructions. 


15 
0 


LDTR 
LOT LIMIT 


IDTR 


32 


PROGRAM 
INVISIBLE 
AUTOMATICALLY 
LOADED 
FROM 
LOT DESCRIPTOR 


GDTR 


240182-12 


Figure 3.2. Descriptor 
Table Registers 


Global Descriptor 
Table 


The Global Oescriptor Table (GOT) contains de- 
scriptors which are possibly available to all of the 
tasks in a system. The GOT can contain any type of 
segment descriptor except for interrupt and trap de- 
scriptors. Every 80376 system contains a GOT. A 
simple 80376 system contains only 2 entries in the 
GOT; a code and a data descriptor. For maximum 
performance, descriptor tables should begin on 
even addresses. 


The first slot of the Global Oescriptor Table corre- 
sponds to the null selector and is not used. The null 
selector defines a null pointer value. 


Local Descriptor 
Table 


LOTs contain descriptors which are associated with 
a given task. Generally, operating systems are de- 
signed so that each task has a separate LOT. The 
LOT may contain only code, data, stack, task gate, 
and call gate descriptors. LOTs provide a mecha- 
nism for isolating a given task's code and data seg- 
ments from the rest of the operating system, while 
the GOT contains descriptors for segments which 
are common to all tasks. A segment cannot be ac- 
cessed by a task if its segment descriptor does not 
exist in either the current LOT or the GOT. This pro- 
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vides both isolation and protection for a task's seg- 
ments, while still allowing global data to be shared 
among tasks. 


Unlike the 6-byte GDT or IDT registers which contain 
a base address and limit, the visible portion of the 
LDT register contains only a 16-bit selector. This se- 
lector refers to a Local Descriptor Table descriptor in 
the GDT (see Figure 2.1). 


INTERRUPT 
DESCRIPTOR 
TABLE 


The third table needed for 80376 systems is the In- 
terrupt Descriptor Table. The IDT contains the de- 
scriptors which point to the location of up to 256 
interrupt service routines. The IDT may contain only 
task gates, interrupt gates and trap gates. The IDT 
should be at least 256 bytes in size in order to hold 
the descriptors for the 32 Intel Reserved Interrupts. 
Every interrupt used by a system must have an entry 
in the IDT. The IDT entries are referenced by INT 
instructions, external interrupt vectors, and excep- 
tions. 


DESCRIPTORS 


The object to which the segment selector points to 
is called a descriptor. Descriptors are eight-byte 
quantities which contain attributes about a given 
region of linear address space. These attributes in- 
clude the 32-bit logical base address of the seg- 


31 


ment, the 20-bit length and granularity of the seg- 
ment, the protection level, read, write or execute 
privileges, and the type of segment. All of the attri- 
bute information about a segment is contained in 12 
bits in the segment descriptor. Figure 3.3 shows the 
general format of a descriptor. All segments on the 
the 80376 have three attribute fields in common: the 
Present bit (P), the Descriptor Privilege Level bits 
(DPL) and the Segment bit (S). P= 1 if the segment 
is loaded in physical memory, if P = 0 then any 
attempt to access the segment causes a not present 
exception (exception 11). The DPL is a two-bit field 
which specifies the protection level, 0-3, associated 
with a segment. 


The 80376 has two main categories of segments: 
system segments, and non-system segments (for 
code and data). The segment bit, S, determines if a 
given segment is a system segment, a code seg- 
ment or a data segment. If the S bit is 1 then the 
segment is either a code or data segment, if it is 0 
then the segment is a system segment. 


Note that 
although the 
80376 
is limited to 
a 
16-Mbyte Physical address space (224), its base ad- 
dress allows a segment to be placed anywhere in a 
4-Gbyte linear address space. When writing code for 
the 80376, users should keep code portability to an 
80386 processor (or other processors with a larqer 
physical address space) in mind. A segment base 
address can be placed anywhere in this 4-Gbyte lin- 
ear address space, but a physical address will be 


o 
BYTE 
ADDRESS 
o 
SEGMENT BASE 15 ... 0 
SEGMENT LIMIT 15 ... 0 


BASE 
A 
BASE 
G 1 0 V 
LIMIT 
P 
DPL 
S 
TYPE 
A 
31 ... 24 
L -19 .. 16 
23 ... 16 
I 
I 
I 


+4 


BASE 
Base Address 01the segment 
LIMIT 
The lenglhol 
the segment 
P 
Present Bit 
1 = Present 
0 = Not Present 
DPL 
, 
Descriptor Privilege Level 0-3 
S 
Segment Descriptor: 
0 = System Descriptor, 
1 = Code or Data Descriptor 
TYPE 
Typa of Segment 
A 
Accessed Bit 
G 
Granularity Bn 
1 = Segment length is 4 Kbyte Granular 
o = Segment length is byte granular 
o 
Bit must be zero (0) for compatibHitywith future processors 
AVL 
Available lield for user or OS 


31 


Figure 3.3. Segment 
Descrlptors 


o 
SEGMENT BASE 15 ... 0 
SEGMENT LIMIT 15 ... 0 


BASE 
A 
LIMIT 
ACCESS 
BASE 
31 ... 24 
G 
1 0 
V 
19 ... 16 
RIGHTS 
23 ... 16 
L 
BYTE 


o 


+4 


G 
Granulanty Bit 
1 = Segment length IS 4 Kbyte granular 
o = Segment length is byte granular 
o 
Bit must be zero (O) for compatibility with future processors 
AVL 
Available field for user or OS 


Figure '3.4. Code and Data Descrlptors 
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Table 3.1. Access 
Rights Byte Definition 
for Code and Data Descrlptors 


Bit 
Name 
Function 
Position 


7 
Present (P) 
P = 
1 
Segment 
is mapped into physical 
memory. 
. 


p=o 
No mapping to physical memory exits 
6-5 
Descriptor. Privilege 
Segment 
privilege attribute 
used in privilege tests. 


Level (DPL) 
'" 
4 
Segment 
S = 1 
Code or Data (includes stacks) segment 
descriptor 
Descriptor 
(S) 
S=O 
System Segment 
Descriptor 
or Gate Descriptor 


3_ 
Executable 
(E) 
E=O 
Descriptor 
type is data segment: 
} 


If 
2 
Expansion 
ED = 0 Expand up segment, 
offsets must be ~ limit. 
Data 
Direction 
(ED) 
ED = 1 Expand down segment, 
offsets 
must be > limit. 
Segment 
1 
Writable 
(W) 
W = 0 
Data segment 
may not be written into. 
(S = 1, 
W = 1 
Data segment 
may be written into. 
I 
E = 0) 


3 
Executable 
(E) 
E = 1 
Descriptor 
type is code segment: 
} 


If 
. 


2 
Conforming 
(C) 
C = 1 
Code segment 
may only. be executed 
when 
Code 
CPL ~ DPL and CPL remains unchanged. 
Segment 
1 
Readable 
(R) 
R=O 
Code segment 
may not be read. 
(S = 1, 
R = 1 
Code seqrnent-rnay 
be read. 
E = 
1) 


0 
Accessed 
(A) 
A=O 
Segment 
has not been accessed. 
A = 1 
Segment 
selector 
has been loaded into segment 
register 
or used by selector 
test instructions. 


generated 
that 
is a truncated 
version 
of this linear 
address. 
Truncation 
will be to the maximum 
number 
of address 
bits. It is recommended 
to place EPROM 
at the 
highest 
physical 
address 
and 
DRAM 
at the 
lowest 
physical 
addresses. 


Code and Data Descrlptors 
(S= 1) 


Figure 3.4 shows 
the general 
format 
of a code and 
data descriptor 
and Table 3.1 illustrates 
how the bits 
in the Access 
Right Byte are interpreted. 


Code 
and 
data 
segments 
have 
several 
descriptor 
fields in com?1on. The accessed 
bit, .A, is set when- 
ever the processor 
accesses 
a descnptor. 
The gran- 
ularity bit, G, specifies 
if a segment 
length is 1-byte- 
granular 
or 
4-Kbyte-granular. 
Base 
address 
bits 
31-24, 
which 
are normally 
found 
in 80386 
descrip- 
tors, are not made externally 
available 
on the 80376. 


They do not affect 
the operation 
of the 80376. 
The 
A31-A24 
field 
should 
be set to allow 
an 80386 
to 
correctly 
execute 
with 
EPROM 
at the 
upper 
4096 
Mbytes 
of physical 
memory. 


System 
Descrlptor 
Formats 
(S = 0) 


System 
segments 
describe 
information 
about 
oper- 
ating 
system 
tables, 
tasks, 
and 
gates. 
Figure 
3.5 
shows 
the general 
format 
of system 
segment 
de- 
scriptors, 
and the various types of system segments. 


80376 
system 
descriptors 
(which 
are the same 
as 
80386 descriptor 
types 2, 5, 9, B, C, E and F) contain 
a 32-bit 
logical 
base address 
and a 20-bit segment 
limit. 


Selector 
Fields 


A selector 
has three fields: 
Local or Global 
Descrip- 
tor Table 
Indicator 
(TI), Descriptor 
Entry 
Index 
(In- 
dex), and Requestor 
( the selector's) 
Privilege 
Level 
(RPL) as shown 
in Figure 3.6. The TI bit selects 
ei- 
ther 
the Global 
Descriptor 
Table 
or the 
Local 
De- 
scriptor 
Table. The Index selects 
one of 8K descrip- 
tors in the appropriate 
descriptor 
table. The RPL bits 
allow 
high speed 
testing 
of the selector's 
privilege 
attributes. 


Segment 
Descriptor 
Cache 


In addition 
to the selector 
value, every segment 
reg- 
ister has a segment 
descriptor 
cache 
register 
asso- 
ciated 
with it. Whenever 
a segment 
register's 
con- 
tents are changed, 
the 8-byte descriptor 
associated 
with that 
selector 
is automatically 
loaded 
(cached) 
on the chip. Once loaded, all references 
to that seg- 
ment use the cached 
descriptor 
information 
instead 
of reaccessing 
the descriptor. 
The contents 
of the 
descriptor 
cache 
are not visible to the programmer. 
Since 
descriptor 
caches 
only Change when 
a seg- 
ment 
register 
is changed, 
programs 
which 
modify 
the 
descriptor 
tables 
must 
reload 
the 
appropriate 
segment 
registers 
after 
changing 
a 
descriptor's 
value. 


9-26 


intJ 
376 EMBEDDED 
PROCESSOR 


31 
16 
o 


SEGMENT BASE 15 ... 0 
SEGMENT LIMIT 15 ... 0 
o 


BASE 
+4 
23 ... 
16 


Type 
Defines 
8 
Invalid 
9 
Available80376/80386 TSS 


A 
Undefined(IntelReserved) 


B 
Busy80376/80386 TSS 
C 
80376/80386 CallGate 
o 
Undefined(IntelReserved) 
E 
80376/80386 InterruptGate 
F 
80376/80386 TrapGate 


BASE 
G 
0 
0 
0 
LIMIT 
P 
31 ... 24 
19 ... 
16 


Type 
Defines 
o 
Invalid 
1 
Reserved 
2 
LOT 
3 
Reserved 
4 
Reserved 
5 
TaskGate(80376/80386 Task) 
6 
Reserved 
7 
Reserved 


Figure 3.5. System Descrlptors 


SELECTOR 


15 
4 
3 
2 
1 0 


SEGMENT 
REGISTER 101 0 ---- 
0 101 tit 
I ~II R~L I 
. 
. 
TABLE 
INDEX 
INDICATOR 


TI=t 
TI=~ 


N 
N 


DESCRIPTOR 
. 
NUMBER 


6 
6 


5 
5 


4 
4 
~ 
otsCRIPTOR 
3 


2 
2 
, 


t 
1 


0 
0 
NULL 


LOCAL 
DESCRIPTOR 
TABLE 
(LOT) 


GLOBAL 
DESCRIPTOR 
TABLE 
(GOT) 
240182-13 


3.3 Protection 


Figure 3.6. Example Descrlptor Selection 


-Data 
stored in a segment with privilege level p 
can be accessed only by code executing at a 
privilege level at least as privileged as p. 
The 80376 offers extensive protection features. 
These protection features are particularly useful in 
sophisticated 
embedded applications which 
use 
multitasking real-time operating systems. For sim- 
pler embedded applications these protection capa- 
bilities can be easily bypassed by making all applica- 
tions run at privilege level (PL) o. 


-A 
code segment/procedure with privilege level p 
can only be called by a task executing at the 
same or a lesser privilege level than p. 


PRIVILEGE LEVELS 


RULES OF PRIVILEGE 
At any point in time, a task on the 80376 always 
executes at one of the four privilege levels. The Cur- 
rent Privilege Level (CPL) specifies what the task's 
privilege level is. A task's CPL may only be changed 
The 80376 controls access to both data and proce- 
dures between levels of a task, according to the fol- 
lowing rules. 
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by control transfers through gate descriptors to a 
code segment with a different privilege level. Thus, 


••an application program running at PL= 3 may call an 
operating system routine at PL= 1 (via a gate) which 
would cause the task's CPL to be set to 1 until the 
operating system routine was finished. 


Selector 
Privilege 
(RPL) 


The privilege level of a selector is specified by the 
RPL field. The selector's RPL is only used to estab- 
lish a less trusted privilege level than the current 
priyilege I~vel of the task for the use of a segment. 
This level IScalled the task's effective privilege level 
(EPL). The EPL is defined as being the least privi- 
leged (numerically larger) level of a task's CPL and a 
selector's RPL. The RPL is most commonly used to 
verify that pointers passed to an operating system 
procedure do not access data that is of higher privi- 
lege than the procedure that originated the pointer. 
Since the originator of a selector can specify any 
~PL value, the Adjust RPL (ARPL) instruction is pro- 
vided to force the RPL bits to the originator's CPL. 


I/O 
Privilege 


The 1/0 privilege level (IOPL) lets the operating sys- 
tem code executing at CPL=0 define the least privi- 
leged level at which 1/0 instructions can be used. An 
exce~tion 13 (General Protection Violation) is gener- 
ated If an 1/0 instruction is attempted when the CPL. 
of the task is less privileged than the 10PL. The 
~OPLis stored in bits 13 and 14 of the EFLAGS reg- 
ister, The following instructions cause an exception 
13 if the CPL is greater than 10PL: IN, INS, OUT, 
OUTS, STI, CLI and LOCK prefix. 


Descrlptor 
Access 


There are basically two types of segment acces- 
sess: those involving code segments such as con- 
trol transfers, and those involving data accesses. 
Determining the ability of a task to access a seg- 
ment involves the type of segment to be accessed 
the instruction used, the type of descriptor used and 
CPL, RPL, and DPL as described above. 


Any time an instruction loads a data segment regis- 
ter (OS, ES, FS, GS) the 80376 makes protection 
validation checks. Selectors loaded in the OS, ES, 
FS, GS registers must refer only to data segment or 
readable code segments. 


Finally the privilege validation checks are performed. 
The CPL is compared to the EPL and if the EPL is 
more privileged than the CPL, an exception 13 (gen- 
eral protection fault) is generated. 


T~e rules regarding the stack segment are slightly 
ditterent than those involving data segments. In- 
structions that load selectors into SS must refer to 
data segment descriptors for writeable data seg- 
ments. The DPL and RPL must equal the CPL of all 
other descriptor types or a privilege level violation 
will cause an exception 13. A stack not present fault 
causes an exception 12. 


PRIVILEGE 
LEVEL TRANSFERS 


Inter-segment control transfers occur when a selec- 
tor is loaded in the CS register. For a typical system 
most of these transfers are simply the result of a Cdll 
or a jump to another routine. There are five types of 
control transfers which are summarized in Table 3.2 
Many of these transfers result in a privilege leve. 
transfer. Changing privilege levels is done only by 
control transfers, using gates, task switches, and in- 
terrupt or trap gates. 


Control transfers can only occur if the operation 
which loaded the selector references the correct de- 
scriptor.type. Any violation of these descriptor usage 
rules will cause an exception 13. 


CALL GATES 


Gates provide protected indirect CALLs. One of the 
major uses of gates is to provide a secure method of 
privilege tr~nsfers within a task. Since the operating 
system defines all of the gates in a system, it can 
ensure that all gates only allow entry into a few trust- 
ed procedures. 
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Table 3.2. Descrlptor 
Types Used for Control Transfer 


Control Transfer 
Types 
Operation 
Types 
Descrlptor 
Descrlptor 


Referenced 
Table 


Intersegment 
within the same privilege 
level 
JMP, CALL, RET, IREP 
Code Segment 
GOT/LOT 


Intersegment 
to the same or higher privilege level 
CALL 
Call Gate 
GOT/LOT 
Interrupt within task may change CPL 
Interrupt 
Instruction, 
Trap or 
lOT 
Exception, 
External 
Interrupt- 


Interrupt 
Gate 


Intersegment 
to a lower privilege 
level 
RET,IREP 
Code Segment 
GOT/LOT 
(changes 
task CPL) 


CALL, JMP 
Task State 
GOT 
Segment 


Task Switch 
CALL,JMP 
Task Gate 
GOT/LOT 


IREP' 
Task Gate 
lOT 
Interrupt 
Instruction, 
Exception, 
External 
Interrupt 


•NT (Nested Task bit of flag register) = 0 


"NT 
(Nested Task bit of flag register) = 1 
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Type 


Type 


co 


31 
16 
15 
00 -:J 
0000000000000000 
I 
BACK LINK 


ESPO 
4 


0000000000000000 
I 
SSO 
8 


ESPl 
C 
, 


0000000000000000 
I 
SSI 
10 


ESP2 
U 


0000000000000000 
I 
SS2 
18 


CR3 
lC 


ElP 
20 


EFLAGS 
24 


EAX 
28 


ECX 
2C 


EDX 
30 


EBX 
34 


ESP 
38 


EBP 
.lC 


ESI 
40 


E: 
EDI 
44 


MAP_OFFSET 
0000000000000000 
ES 
48 


be s: DFFFH 
0000000000000000 
cs 
4C 


OOOOOOOQOOOOOOOO 
ss 
50 


oooooooooooooqoo 
os 
54 


0000000000000000 
FS 
58 


0000000000000000 
GS 
5C 


0000000000000000 
LOT 
60 


BILMAP _OFFSET( 15:0) 
0000000000000000 
TT 
64 


AVAILABLE 
~ 
f) 


0 
SYSTE••• STATUS, ETC. 
T 


IN 80386 
TSS 


31 
24 
23 
16 
15 
8 
7 
01-'" 


63 
56 
55 
48 
47 
40 
39 
32 
BIL •••A 


95 
88 
87 
80 
79 
, 


72 
71 
64 
...------------~ 
, 
, 
96 
OFFSET 
, 
ACCESSI 
TSS 
, - 
, 
RIGHTS 
LIMIT 
, 
, 
OFFSET 
, 
, 
, 
u 
, 
BASE 
, 
, 
I/o 
PER•••,SS,ON BITMAP 
, 
, 
65407 
: 31 
PROGRAM 
0' 
(ONE BIT PER BYTE I/O 
OFFSET 
, 
, 
INVISIBLE 
, 
65439 
PORT. BIT•••AP MAY BE 
OFFSET 
._--------- 
.... _. 
TRUNCATEDUSING TSS LIMIT.) 


TASK REGISTER 
6547,1 
OFFSET 


~ 


65503 
I 
65472 
OFFSET 
TR 
SELECTOR 
65535 
I 
65504 
OFFSET 


15 
0 
"FFH" 
OFFSET 
t TSS L1•••,T= OFF 
= 9: Available 
80376 
31 
80386 
TSS DESCRIPTOR(IN GOT) 
0 


TSS. 
SEGMENTBASE 15 •••0 
= B: Busy 80376 
TSS. 
SEGMENTLIMIT 15••0 


BASE 31 
241GI'10101 
L1h4IT 
P I D~L!oI 
I TYrE 
I 
BASE 
•• 
19.16 
23 ••16 


TSS BASE 


STACKS 
FOR 
CPL 0,1,2 


CURRENT 
TASK 
STATE 


EBUG 
RAP BIT 


+ C 


+ 10 


+ lFEC 


+ lFFO 


+ lFF4 


+ lFF8 


+ lFrc 


+ 2000 


SET + 2000H 


240182-14 


NOT 
BIT_ 
must 


Figure 3.7. 80376 TSS And TSS Registers 
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TASK 
SWITCHING 


A very important attribute of any multi-tasking oper- 
ating system is its ability to rapidly switch between 
tasks or processes. The 80376 directly supports this 
operation by providing a task switch instruction in 
hardware. The 80376 task switch operation saves 
the entire state of the machine (all of the registers, 
address space, and a link to the previous task), 
loads a new execution state, performs protection 
checks, and commences execution in the new task. 
Like transfer of control by gates, the task switch op- 
eration is invoked by executing an inter-segment 
JMP or CALL instruction which refers to a Task 
State Segment (TSS), or a task gate descriptor in 
the GOT or LOT. An INT n instruction, exception, 
trap or external interrupt may also invoke the task 
switch operation if there is a task gate descriptor in 
the associated lOT descriptor slot. For simple appli- 
cations, the TSS and task switching may. not be 
used. The TSS or task switch will not be used or 
occur if no task gates are present in the GOT, LOT 
or lOT. 


The TSS descriptor points .to a segment (see Figure 
3.7) containing the entire 80376 execution state. A 
task gate descriptor contains a TSS selector. The 
limit of an 80376 TSS must be greater than 64H, and 
can be as large as 16 Mbytes. In the additional TSS 
space, the operating system is free to store addition- 
al information as the reason the task is inactive, the 
time the task has spent running, and open files be- 
longing to the task. For maximum performance, TSS 


. should start on an even address. 


Each Task must have a TSS associated with it. The 
current TSS is identified by a special register in the 
80376 called the Task State Segment Register (TR). 
This register contains a selector referring to the task 
state segment descriptor that defines the current 
TSS. A hidden base and limit register associated 
with the TSS descriptor is loaded whenever TR is 
loaded with a new selector. Returning from a task is 
accomplished by the IRET instruction. When IRET is 
executed, control is returned to the task which was 


interrupted. The current executing task's state is 
saved in the TSS and the old task state is restored 
from its TSS. 


Several bits in the flag register and CROregister give 
information about the state of a task which is useful 
to the operating system. The Nested Task bit, NT, 
controls the function of the IRET instruction. If NT = 
o the IRET instruction performs the regular return. If 
NT = 
1, IRET performs a task switch operation 
back to the previous task. The NT bit is set or reset 
in the following fashion: 


When a CALL or INT instruction initiates a task 
switch, the new TSS will be marked busy and 
the back link field of the new TSS set to the old 
TSS selector. The NT bit of the new task is set 
by CALL or INT initiated task switches. An inter- 
rupt that does not cause a task switch will clear 
NT (The NT bit will be restored after execution 
of the interrupt handler). NT may also be set or 
cleared by POPF or IRET instructions. 


The 80376 task state segment is marked busy by 
changing the descriptor type field from TYPE 9 to 
TYPE OSH.Use of a selector that references a busy 
task state segment causes an exception 13. 


The coprocessor's state is not automatically saved 
when a task switch occurs. The Task Switched Sit, 
TS, in the CROregister helps deal with the coproces- 
sor's state in a multi-tasking environment. Whenever 
the 80376 switches tasks, it sets the TS bit. The 
80376 detects the first use of a processor extension 
instruction after a task switch and causes the proc- 
essor extension not available exception 7. The ex- 
ception handler for exception 7 may then decide 
whether to save the state of the coprocessor. 


The T bit in the 80376 TSS indicates that the proc- 
essor should generate a debug exception when 
switching to a task. If T = 1 then upon entry to a 
new task a debug exception 1 will be generated. 


/10 Ports Accessible2 -+ 9,12,13,15,20 
-+ 24,27,33,34,40,41,48,50,52,53,58 
-+ 60,62,63,96 
-+ 127 


240182-15 • 


31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


1 
1 
1 
1 
0 
1 
1 
0 
0 
0 
0 
0 
1 
1 
1 
1 
0 
1 
0 
0 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 


0 
0 
1 
0 
0 
0 
1 
1 
1 
1 
0 
0 
1 
0 
1 
0 
1 
1 
1 
1 
1 
1 
0 
0 
1 
1 
1 
1 
1 
0 
0 
1 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


1 
1 
1 
1 
1 
1 
1 
1 
..•. 
etc. 
;., 


31 


63 


95 


127 


Figure 3.8. Sample 1/0 Permission 
Bit Map 


9-31 


intJ 
376 EMBEDDED 
PROCESSOR 


PROTECTION AND I/O PERMISSION BIT MAP 


The I/O instructions that directly refer to addresses 
in the processor's I/O space are IN, INS, OUT and 
OUTS. The 80376 has the ability to selectively trap 
references to specific I/O addresses. The structure 
that enables selective trapping is the I/O PermIs- 
sion Bit Map in the TSS segment (see Figures 3.7 
and 3.8). The I/O permission map is a bit vector. 
The size of the map and its location in the TSS seg- 
ment are variable. The processor locates the I/O 
permission map by means of the I/O map base field 
in the fixed portion of the TSS. The I/O map base 
field is 16 bits wide and contains the offset of the 
beginning of the I/O permission map. 


If an I/O instruction (IN, INS, OUT or OUTS) is en- 
countered, 
the 
processor 
first 
checks 
whether 
CPL $: 10PL. If this condition is true, the 110 opera- 
tion may proceed. If not true, the processor checks 
the I/O permission map. 


Each bit in the map corresponds to an I/O port byte 
address; for example, the bit for port 41 is found at 
I/O map base + 5 linearly, (5 x 8 = 40), bit offset 
1. The processor tests all the bits that correspond to 
the I/O addresses spanned by an I/O operation; for 
example, a double word operation tests four bits cor- 
responding to' four adjacent byte addresses. If any 
tested bit is set, the processor signals a general pro- 
tection exception. If all the tested bits are zero, the 
I/O operations may proceed. 


It is not necessary for the I/O permission map to 
represent all the I/O addresses. I/O addresses not 
spanned by the map are treated as if they had one- 
bits in the map. The I/O map base should be at 
least one byte less than the TSS limit and the last 
byte beyond the I/O mapping information must con- 
tain all 1's. 


Because the I/O permission map is in the TSS seg- 
ment, different tasks can have different maps. Thus, 
the operating system can allocate ports to a task by 
changing the I/O permission map in the task's TSS. 


IMPORTANT IMPLEMENTATION NOTE: 
Beyond the last byte of I/O mapping information in 
the I/O permission bit map must be'a byte contain- 
ing all 1's. The byte of all 1's must be within the 
limit of the 80376's TSS segment (see Figure 3.7). 


4.0 FUNCTIONAL 
DATA 


The Intel 80376 embedded processor features a 
straightforward functional interface to the external 
hardware. The 80376 has separate parallel buses 
for data and address. The data bus is 16 bits in 
width, and bidirectional. The address bus outputs 
24-bit address values using 23 address lines and 
two-byte enable signals. 


The 80376 has two selectable address bus cycles: 
pipelined and non-pipelined. The pipelining option 
allows as much time as possible for data access by 


CLK2 
" 
ADDRESS BUS 
} 


BHE 


A 
"- 
BLE 


,( 
DATA BUS 
... 
y 


ADS 
W/R 


NA ~ 
80376 
D/t 


READY ~ 
PROCESSOR 
M/io 


LOCK 


HOLD 
PEREQ 


HLDA 
BUSY 


ERROR 
INTR ~ 
Ycc 
NMI 


RESET 
GND 


16-BIT(DO_DI5 
DATA 
' 


BUS( 
CONTROL 


BUS( 
ARBITRATION 


INTERRUPTS [ 


Al-A23] 
24-BIT 


} 
BYTE 
ADDRESS 
ENABLES 


1sus crci, 0","""," 


} COPROCESSOR SIGNALLING 


} POWER CONNECTIONS 


240182-16 


Figure 4.1. Functional Signal Groups 
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starting the pending bus cycle before the present 
bus cycle is finished. A non-pipeiined bus cycle 
gives the highest bus performance ·byexecuting ev- 
ery bus cycle in two processor clock cycles. For 
maximum design flexibility, the address pipelining 
option is selectable on a cycle-by-cycle basis. 


The processor's bus cycle is the basic mechanism 
for information transfer, either from system to proc- 
essor, or from processor to system. 80376 bus cy- 
cles perform data transfer in a minimum of only two 
clock periods. On a 16-bit data bus, the maximum 
80376 transfer bandwidth at 16 MHz is therefore 
16 Mbytes/sec. However, any bus cycle will be ex- 
tended for more than two clock periods if external 
hardware withholds acknowledgement of the cycle. 


The 80376 can relinquish control of its local buses 
to allow mastership by other devices, such as direct 
memory 
access 
(DMA) 
channels. 
When 
relin- 
quished, HLDA is the only output pin driven by the 
80376, providing near-complete isolation of the 


processor from .its system (all other output pins are 
in a float condition). 


4.1 Signal Description 
Overview 


Ahead is a brief description of the 80376 input and 
output signals arranged by functional groups. 


The signal descriptions sometimes refer to' A.C. tim- 
ing parameters, such as "t25 Reset Setup Time" and 
"t26 Reset Hold Time." The values of these parame- 
ters can be found in Tables 6.4 and 6.5. 


CLOCK 
(CLK2) 


CLK2 provides the fundamental 
timing for 
the 
80376. It is divided by two internally to generate the 
internal processor clock used for instruction execu- 
tion. 
The 
internal 
clock 
is 
comprised 
of 
two 


CLK2[ 


PROCESSOR CLOCK 


PERIOD 


CLK2 PERIOD CLK2 PERIOD CLK2 PERIOD CLK2 PERIOD 
"1 
"2 
"1 
"2 


. 
INTERNAL [ 
PROCESSOR CLOCK 


PROCESSOR CLOCK 
PERIOD 


62.5 
NS Io4IN. 


(16 
104HzIo4AX) 
240182-17 


Figure 4.2. CLK2 Signal and Internal 
Processor 
Clock 
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phases, "phase one" and "phase two". Each ClK2 
period is a phase of the internal clock. Figure 4.2 
illustrates the relationship. If desired, the phase of 
the internal processor clock can be synchronized to 
a known phase by ensuring the falling edge of the 
RESET signal meets the applicable setup and hold 
times t25 and t26' 


DATA 
BUS (015-00) 


.These three-state bidirectional signals provide the 
general purpose data path between the 80376 and 
other devices. The data bus outputs are active HIGH 
and will float during bus hold acknowledge. Data bus 
reads require that read-data setup and hold times 
t21 and t22 be met relative to ClK2 for correct oper- 
ation. 


During coprocessor 1/0 transfers, A22-A16 are driv- 
en lOW, and A23 is driven HIGH so that this ad- 
dress line can be used by external logic to generate 
the coprocessor select signal. Thus, the 1/0 address 
driven by the 80376 for coprocessor commands is 
8000F8H, and the I/O address driven by the 80376 
processor for coprocessor data is 8000FCH or 
8000FEH. 


The address bus is capable of addressing 16 Mbytes 
of 
physical 
memory 
space 
(OOOOOOHthrough 
OFFFFFFH), and 64 Kbytes of 1/0 address space 
(OOOOOOH 
through OOFFFFH)for programmed 1/0. 
The address bus is active HIGH and will float during 
bus hold acknowledge. 


The Byte Enable outputs BHE and BlE directly indi- 
cate which bytes of the 16-bit data bus are involved 
with~ 
current transfer. BHE applies to ~-D8 
and BlE applies to 07-00. If both BHE and BlE are 
asserted, then 16 bits of data are being transferred. 
See Table 4.1 for a complete decoding of these sig- 
nals. The byte enables are active lOW and will float 
during bus hold acknowledge. 


ADDRESS 
BUS (BHE, BlE, 
A23":'A1) 


These three-state outputs provide physical memory 
addresses or 1/0 port addresses. A23-A16 are lOW 
during 1/0 transfers except for 1/0 transfers auto- 
matically generated by coprocsssor 
instructions. 


Table 4.1. Byte Enable Definitions 


BHE 
BlE 
Function 


0 
0 
Word Transfer 


0 
1 
Byte Transfer on Upper Byte of the Data Bus, 015-08 


1 
0 
Byte Transfer on lower Byte of the Data Bus, 07-00 


1 
1 
Never Occurs 


i 
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BUS CYCLE 
DEFINITION 
SIGNALS 
(W/R, D/C, MIIO, 
lOCK) 


These three-state 
outputs 
define the type of bus cy- 


cle 
being 
performed: 
WIR 
distinguishes 
between 
write 
and 
read 
cycles, 
DIG distinguishes 
between 
data and control 
cycles, M/iO 
distinguishes 
between 
memory and 1/0 cycles, and LOCK distinguishes 
be- 
tween 
locked 
and unlocked 
bus cycles. 
All of these 
signals are active 
lOW 
and will float during bus ac- 
knowledge. 


The 
primary 
bus cycle 
definition 
signals 
are WIR, 
DIG and MIIO, 
since these 
are the signals 
driven 
valid as ADS (Address 
Status 
output) 
becomes 
ac- 
tive. The 
lOCK 
signal 
is driven 
valid 
at the same 
time 
the 
bus cycle 
begins, 
which 
due 
to address 
pipelining, 
could 
be after ADS becomes 
active. 
Ex- 
act bus "£ycle definitions, 
as a function 
of W IR, DIG 
and MIIO 
are given in Table 4.2. 


lOCK 
indicates 
that other 
system 
bus masters 
are 
not to gain control 
of the system 
bus while it is ac- 
tive. 
lOCK 
is activated 
on the ClK2 
edge that be- 
gins the first locked 
bus cycle (i.e., it is not active at 
the same time as the other bus cycle definition 
pins) 
and is deactivated 
when ready is returned 
to the end 
of the last bus cycle which 
is to be locked. 
The be- 
ginning of a bus cycle is determined 
when READY is 
returned 
in a previous 
bus 
cycle 
and 
another 
is 
pending 
(ADS is active) or the clock in which ADS is 
driven active 
if the bus was idle. This means 
that it 
follows 
more closely with the write data rules when it 
is valid, but may cause the bus to be locked 
longer 
than desired. The lOCK 
signal may be explicitly 
acti- 
vated 
by the 
lOCK 
prefix 
on certain 
instructions. 


lOCK 
is always asserted 
when executing 
the XCHG 
instruction, 
during descriptor 
updates, and during the 
interrupt 
acknowledge 
sequence. 


BUS CONTROL 
SIGNALS 
(ADS, 
READY, 
NA) 


The following 
signals allow the processor 
to indicate 
when a bus cycle has begun, and allow other system 
hardware 
to control 
address pipelining 
and bus cycle 
termination. 


Address 
Status 
(ADS) 


This three-state 
output 
indicate~ 
that ~ valid bu~.l- 
cle definition 
and address 
(W/R, 
DIC, M/iO, 
SHE, 
SlE 
and 
A23-A1) 
are 
being 
driven 
at the 
80376 
pins. ADS 
is an active 
lOW 
output. 
Once 
ADS 
is 
driven active, valid address, 
byte enables, 
and defi- 
nition Signals will not change. 
In addition, 
ADS will 
remain 
active 
until its associated 
bus cycle 
begins 
(when READY is returned 
for the previous 
bus cycle 
when 
running 
pipelined 
bus cycles). 
ADS will float 
during 
bus hold 
acknowledge. 
See 
sections 
Non- 
Plpellned 
Bus 
Cycles 
and Plpellned 
Bus 
Cycles 
for additional 
information 
on how ADS 
is asserted 
for different 
bus states. 


Transfer 
Acknowledge 
(READY) 


This 
input 
indicates 
the 
current 
bus cycle 
is com- 


~e, 
and the 
active 
bytes 
indicated 
by SHE and 
BlE 
are 
accepted 
or provided. 
When 
READY 
is 
sampled 
active 
during a read cycle 
or interrupt 
ac- 
knowledge 
cycle, 
the 80376 
latches 
the input data 
and terminates 
the cycle. When 
READY 
is sampled 
active during a write cycle, the processor 
terminates 
the bus cycle. 


Table 
4.2. Bus Cycle 
Definition 


MIIO 
D/C 
W/R 
Bus Cycle 
Type 
locked? 


0 
0 
0 
INTERRUPT 
ACKNOWLEDGE 
Yes 


0 
0 
1 
Does Not Occur 
- 


0 
1 
0 
1/0 DATA READ 
No 


0 
1 
1 
I/O DATA WRITE 
No 


1 
0 
0 
MEMORY 
CODE READ 
No 


1 
0 
1 
HALT: 
SHUTDOWN: 
No 
Address = 2 
Address = 0 
SHE = 1 
SHE = 1 
SlE = 0 
BlE = 0 


1 
1 
0 
MEMORY 
DA,TA READ 
Some Cycles 


1 
1 
1 
MEMORY 
DATA WRITE 
Some Cycles 
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READY 
is ignored 
on the first bus state 
of all bus 
cycles, 
and sampled 
each bus state thereafter 
until 
asserted. 
READY must eventually 
be asserted to ac- 
knowledge 
every bus cycle, including 
Halt Indication 
and 
Shutdown 
Indication 
bus cycles. 
When 
being 
sampled, 
READY 
must always meet setup and hold 
times t19 and t20 for correct 
operation. 


Next Address 
Request 
(NA) 


This 
is used 
to request 
pipelining. 
This 
input 
indi- 
cates th~stem 
is prepared 
to accept 
new values 
of SHE, SlE, 
A23-A1' 
W/R, DIG and M/iO 
from the 
80376 
even 
if the end 
of the current 
cycle 
is not 
being acknowledged 
on READY. 
If this input is ac- 
tive when sampled, 
the next bus cycle's 
address and 
status signals are driven onto the bus, provided 
the 
next bus request 
is already 
pending 
internally. 
NA is 
ignored 
in clock 
cycles 
in which 
ADS or READY 
is 
activated. 
This signal is active lOW 
and must satisfy 
setup and hold times t15 and t16 for correct 
opera- 
tion. 
See 
Plpellned 
Bus 
Cycles 
and 
Read 
and 
Write Cycles 
for additional 
information. 


BUS ARBITRATION 
SIGNALS 
(HOLD, 
HLDA) 


This section 
describes 
the mechanism 
by which the 
processor 
relinquishes 
control 
of 
its 
local 
buses 
when requested 
by another 
bus master device. 
See 
Entering 
and Exiting 
Hold Acknowledge 
for addi- 
tional information. 


Bus Hold Request 
(HOLD) 


This 
input 
indicates 
some 
device 
other 
than 
the 
80376 
requires 
bus 
mastership. 
When 
control 
is 
granted, 
the 
80376 
floats 
A23-A1, 
SHE, 
SlE, 
015-00, 
lOCK, 
MIIO, 
DIG, W/R 
and 
ADS, 
and 
then activates 
HlDA, 
thus entering 
the bus hold ac- 
knowledge 
state. The local bus will remain 
granted 
to the requesting 
master 
until HOLD becomes 
inac- 
tive. When 
HOLD becomes 
inactive, 
the 80376 
will 
deactivate 
HlDA 
and 
drive 
the 
local 
bus 
(at the 
same time), thus terminating 
the hold acknowledge 
condition. 


HOLD 
must 
remain 
asserted 
as long as any other 
device 
is a local bus master. 
External 
pull-up 
resis- 
tors may be required 
when in the hold acknowledge 
state since none of the 80376 floated 
outputs 
have 
internal 
pull-up resistors. 
See Resistor 
Recommen- 
dations 
for additional 
information. 
HOLD is not rec- 
ognized while RESET is active but is recognized 
dur- 
ing the time between 
the high-to-Iow 
transistion 
of 
RESET 
and the first instruction 
fetch. 
If RESET 
is 
asserted 
while HOLD is asserted, 
RESET has priori- 
ty and places 
the bus into an idle state, rather than 
the hold acknowledge 
(high-impedance) 
state. 


HOLD is a level-sensitive, 
active HIGH, synchronous 
input. 
HOLD 
signals 
must 
always 
meet 
setup 
and 
hold times t23 and t24 for correct 
operation. 


Bus Hold Acknowledge 
(HLDA) 


When active (HIGH), this output indicates 
the 80376 
has relinquished 
control 
of its local bus in response 
to an asserted 
HOLD signal, and is in the bus Hold 
Acknowledge 
state. 


The Sus Hold Acknowledge 
state 
offers 
near-com- 
plete 
signal 
isolation. 
In 
the 
Hold 
Acknowledge 
state, 
HlDA 
is the only signal 
being 
driven 
by the 
80376. The other ou~ 
signals or bi~ecti.Q.nal 
~ 
nals (D15-D...2!...!!HE,SlE, 
A23-A1, 
WIR, DIC, M/TO, 
lOCK 
and ADS) are in a high-impedance 
state 
so 
the requesting 
bus master 
may control 
them. These 
pins remain OFF throughout 
the time that HlDA 
re- 
mains active 
(see Table 
4.3). Pull-up resistors 
may 
be desired 
on several 
signals 
to avoid spurious 
ac- 
tivity 
when 
no 
bus 
master 
is driving 
them. 
See 
Resistor 
Recommendations 
for additional 
informa- 
tion. 


When the HOLD signal is made inactive, 
the 80376 
will deactivate 
HlDA 
and drive the bus. One rising 
edge on the NMI input is remembered 
for processing 
after the HOLD input is negated. 


Table 4.3. Output Pin State during HOLD 


Pin Value 
Pin Names 


1 
HlDA 
Float 
[(5'Cj(, 
MIIO, DIG, W/R, 


ADS, A23-A1' 
SHE, SlE, 


015-00 


Hold Latencles 


The 
maximum 
possible 
HOLD 
latency 
depends 
on 
the software 
being 
executed. 
The actual 
HOLD 
la- 
tency at any time de8ends 
on the current 
bus activi- 
ty, the state of the l 
CK signal (internal to the CPU) 
activated 
by the [(5'Cj( 
prefix, 
and 
interrupts. 
The 
80376 
will not honor a HOLD request 
until the cur- 
rent bus operation 
is complete. 


The 80376 breaks 32-bit data or 1/0 accesses 
into 2 
internally 
locked 
16-bit bus cycles; the lOCK 
signal 
is not asserted. 
The 80376 
breaks 
unaligned 
16-bit 
or 32-bit data or 1/0 accesses 
into 2 or 3 internally 
locked 
16-bit bus cycles. 
Again 
the lOCK 
signal 
is 
not asserted 
but a HOLD request 
will not be recog- 
nized until the end of the entire transfer. 
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Wait states affect 
HOLD latency. 
The 80376 will not 


honor 
a HOLD request 
until the end of the current 
bus operation, 
no matter 
how many wait states 
are 


required. 
Systems 
with DMA where 
data transfer 
is 
critical 
must insure 
that 
READY 
returns 
sufficiently 
soon. 


CO PROCESSOR 
INTERFACE 
SIGNALS 


(PEREQ, 
BUSY, ERROR) 


In the following 
sections 
are descriptions 
of signals 


dedicated 
to the numeric 
coprocessor 
interface. 
In 
addition 
to the data bus, address 
bus, and bus cycle 


definition 
signals, 
these 
following 
signals 
control 


communication 
between 
the 
80376 
and 
the 


80387SX 
processor 
extension. 


Co processor 
Request 
(PEREQ) 


When asserted 
(HIGH), this input signal indicates 
a 


coprocessor 
request for a data operand 
to be trans- 


ferred 
to/from 
memory 
by the 80376. 
In response, 


the 
80376 
transfers 
information 
between 
the 
eo- 


processor 
and memory. 
Because 
the 80376 
has in- 


ternally 
stored 
the coprocessor 
opcode 
being 
exe- 


cuted, 
it performs 
the requested 
data transfer 
with 


the correct 
direction 
and memory 
address. 


PEREQ 
is a level-sensitive 
active 
HIGH asynchro- 


nous signal. Setup and hold times, t29 and t30, rela- 
tive to the CLK2 
signal 
must be met to guarantee 


recognition 
at a particular 
clock edge. This signal is 


provided 
with a weak 
internal 
pull-down 
resistor 
of 


around 20 KO to ground so that it will not float active 
when left unconnected. 


Coprocessor 
Busy (BUSY) 


When 
asserted 
(LOW), 
this input indicates 
the eo- 


processor 
is still executing 
an instruction, 
and is not 


yet able 
to accept 
another. 
When 
the 
80376 
en- 


counters 
any 
coprocessor 
instruction 
which 
oper- 


ates on the numerics 
stack 
(e.g. load, pop, or arith- 


metic operation), 
or the WAIT instruction, 
this input 


is first automatically 
sampled 
until it is seen 
to be 


inactive. 
This sampling 
of the BUSY input prevents 


overrunning 
the execution 
of a previous coprocessor 


instruction. 


The 
F(N)INIT, 
F(N)CLEX 
coprocessor 
instructions 
are allowed 
to execute 
even if BUSY is active, since 
these instructions 
are used for coprocessor 
initializa- 
tion and exception-clearing. 


BUSY 
is an active 
LOW, 
level-sensitive 
asynchro- 


nous signal. Setup and hold times, t29 and t30, rela- 
tive to the CLK2 
signal 
must be met to guarantee 
recognition 
at a particular 
clock edge. This pin is pro- 
vided with a weak internal 
pull-up resistor 
of around 
20 KO to vcc so that it will not float active when left 
unconnected. 


BUSY serves an additional 
function. 
If BUSY is sam- 
pled LOW at the falling 
edge of RESET, the 80376 
processor 
performs 
an internal 
self-test 
(see 
Qus 
Activity 
During 
and Following 
Reset. 
If BUSY 
is 
sampled 
HIGH, no self-test 
is performed. 


Coprocessor 
Error (ERROR) 


When 
asserted 
(LOW), 
this 
input 
signal 
indicates 
that the previous 
coprocessor 
instruction 
generated 
a coprocessor 
error 
of a type 
not masked 
by the 
coprocessor's 
control 
register. This input is automat- 
ically 
sampled 
by the 
80376 
when 
a coprocessor 
instruction 
is encountered, 
and if active, 
the 80376 
generates 
exception 
16 to access the error-handling 
software. 


Several 
coprocessor 
instructions, 
generally 
those 
which clear the numeric 
error flags in the coproces- 
sor or save coprocessor 
state, 
do execute 
without 
the 
80376 
generating 
exception 
16 
even 
if 
ERROR 
is active. 
These 
instructions 
are 
FNINIT, 


FNCLEX, 
FNSTSW, 
FNSTSWAX, 
FNSTCW, 


FNSTENV 
and FNSAVE. 


ERROR 
is an active 
LOW, level-sensitive 
asynchro- 


nous signal. Setup and hold times t29 and t30, rela- 
tive to the CLK2 
signal 
must 
be met to guarantee 
recognition 
at a particular 
clock edge. This pin is pro- 


vided with a weak internal 
pull-up resistor 
of around 
20 KO to vcc so that it will not float active when left 
unconnected 
.. 
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INTERRUPT 
SIGNALS 
(INTR, 
NMI, RESET) 


The following 
descriptions 
cover 
inputs that can in- 
terrupt 
or suspend 
execution 
of the processor's 
cur- 
rent instruction 
stream. 


Maskable 
Interrupt 
Request 
(INTR) 


When asserted, 
this input indicates 
a request 
for in- 
terrupt 
service, 
which 
can be masked 
by the 80376 
Flag Register 
IF bit. When 
the 80376 
responds 
to 
the 
INTR 
input, 
it performs 
two 
interrupt 
acknowl- 
edge 
bus cycles 
and, 
at the 
end 
of the 
second, 
latches 
an 8-bit interrupt 
vector on DrDo 
to identify 
the source 
of the interrupt. 


INTR 
is an active 
HIGH, 
level-sensitive 
asynchro- 
nous signal. Setup and hold times, t27 and t28, rela- 
tive to the ·CLK2 signal 
must 
be met to guarantee 
recognition 
at a particular 
clock edge. To assure rec- 
ognition 
of an INTR 
request, 
INTR 
should 
remain 
active until the first interrupt 
acknowledge 
bus cycle 
begins. 
INTR is sampled 
at the beginning 
of every 
instruction: 
In order to be recognized 
at a particular 
instruction 
boundary, 
INTR must be active 
at least 
eight CLK2 clock periods before the beginning 
of the 
execution 
of the instruction. 
If recognized, 
the 80376 
will begin execution 
of the interrupt. 


Non-Maskable 
Interrupt 
Request 
(NMI) 


This 
input 
indicates 
a request 
for interrupt 
service 
which 
cannot 
be 
masked 
by software. 
The 
non- 
maskable 
interrupt 
request 
is always 
processed 
ac- 
cording to the pointer or gate in slot 2 of the interrupt 
table. Because 
of the fixed NMI slot assignment, 
no 
interrupt 
acknowledge 
cycles 
are performed 
when 
processing 
NMI. 


NMI is an active 
HIGH, rising edge-sensitive 
asyn- 
chronous 
signal. Setup and hold times, t27 and t28, 
relative to the CLK2 signal must be met to guarantee 
recognition 
at a particular 
clock edge. To assure rec- 
ognition 
of NMI, it must be inactive 
for at least eight 
CLK2 periods, 
and then be active 
for at least eight 
CLK2 periods 
before the beginning 
of the execution 
of an instruction. 


Once 
NMI 
processing 
has 
begun, 
no 
additional 
NMl's 
are 
processed 
until 
after 
the 
next 
IRET 
in- 
struction, 
which 
is typically 
the end of the NMI serv- 
ice routine. 
If NMI is re-asserted 
prior to that-time, 
however, 
one 
rising 
edge 
on NMI will 
be remem- 
bered for processing 
after executing 
the next IRET 
instruction. 


Interrupt 
Latency 


The time that elapses 
before an interrupt 
request 
is 
serviced 
(interrupt 
latency) 
varies according 
to sev- 
eral factors. 
This delay must be taken 
into account 
by the interrupt 
source. 
Any of the following 
factors 
can affect 
interrupt 
latency: 


1. If interrupts 
are masked, 
and 
INTR 
request 
will 
not be recognized 
until interrupts 
are reenabled. 


2. If an NMI is currently 
being serviced, 
an incoming 
NMI request will not be recognized 
until the 80376 
encounters 
the IRET instruction. 


3. An interrupt 
request 
is recognized 
only on an in- 
struction 
boundary 
of the 80376 
Execution 
Unit 
except 
for the following 
cases: 


- 
Repeat 
string 
instructions 
can 
be interrupted 
after each iteration. 


- 
If the instruction 
loads the Stack Segment 
reg- 
ister, 
an interrupt 
is not processed 
until after 
the following 
instruction, 
which 
should 
be an 
ESP load. This allows 
the entire 
stack 
pointer 
to be loaded 
without 
interruption. 


- 
If an instruction 
sets the interrupt 
flag (enabling 
interrupts), 
an interrupt 
is not processed 
until 
after the next instruction. 


The longest 
latency 
occurs when the interrupt 
re- 
quest 
arrives 
while 
the 80376 
processor 
is exe- 
cuting a long instruction 
such as multiplication, 
di- 
vision or a task-switch. 
4. Saving the Flags register 
and CS:EIP registers. 
5. If interrupt 
service 
routine 
requires 
a task switch, 
time must be allowed 
for the task switch. 


6. If the interrupt 
service 
routine saves registers 
that 
are not automatically 
saved by the 80376. 


RESET 


This input signal suspends 
any operation 
in progress 
and places 
the 80376 
in a known 
reset 
state. 
The 
80376 
is reset by asserting 
RESET 
for 15 or more 
CLK2 periods 
(80 or more CLK2 periods 
before 
re- 
questing 
self-test). 
When RESET 
is active, 
all other 
input pins except 
FLT are ignored, 
and all other bus 
pins are driven to an idle bus state as shown 
in Ta- 
ble 4.4. If RESET 
and HOLD 
are both 
active 
at a 
point in time, RESET takes priority even if the 80376 
was in a Hold Acknowledge 
state 
prior to RESET 
active. 


RESET 
is an active 
HIGH, 
level-sensitive 
synchro- 
nous signal. Setup and hold times, t25 and t26, must 
be met in order 
to assure 
proper 
operation 
of the 
80376. 
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Table 4.4. Pin State (Bus Idle) during RESET 


Pin Name 
Signal Level during RESET 


ADS 
1 


D15-DO 
Float 


BHE, BlE 
0 
--. 


A23-A1 
1 


W/R 
0 


Die 
1 
'" 


MIIO 
0 


LOCK 
1 
, 


HlDA 
0 
~ 


4.2 Bus Transfer Mechanism 


All data transfers occur. as a result of one or more 
bus cycles. Logical data operands of byte and word 
lengths may be transferred without restrictions on 
physical address alignment. Any byte boundary may 
be used, although two physical bus cycles are per- 
formed as required for unaligned operand transfers. 


The 80376 processor address signals are designed 
to simplify external system hardware. BHE and BlE 
provide linear selects for the two bytes of the 16-bit 
data bus. 


Byte Enable outputs BHE and BlE 
are asserted 
when their associated data bus bytes are involved 
with the present bus cycle, as listed in Table 4.5. 


Table 4.5. Byte Enables and Assoclated 
Data and Operand Bytes 


Byte Enable 
Associated Data Bus Signals 


BHE 
D15-D8 (Byte 1-Most 
Significant) 
BlE 
DrDo 
(Byte O-least 
Significant) 


Each bus cycle is composed of at least two bus 
states. Each bus state requires one processor clock 
period. Additional bus states added to a single bus 
cycle are called wait states. See Bus Functional 
Description for additional information. 


4.3 Memory and 1/0 Spaces 


Bus cycles may access physical memory space or 
1/0 space. Peripheral devices in the system may ei- 
ther be memory-mapped, or IIO-mapped, or both. 
As shown in Figure 4.3, physical memory addresses 
range from OOOOOOH 
to OFFFFFFH(16 Mbytes) and 
1/0 
addresses 
from 
OOOOOOHtoOOFFFFH 
(64 Kbytes). Note the 1/0 addresses used by the 
automatic 1/0 cycles for coprocessor communica- 
tion are 8000F8H to 8000FFH, beyond the address 
range of programmed 1/0, to allow easy generation 
of a coprocessor 
chip select signal using the A23 
and MlTO signals. 


OPERAND ALIGNMENT 


With the flexibility of memory addressing on the 
80376, it is possible to transfer a logical operand 
that spans more than one physical Dword or word of 
memory or 110. Examples are 32-bit Dword or 16-bit 
word operands beginning at addresses not evenly 
divisible by 2. 


Operand alignment and size dictate when multiple 
bus cycles are required. Table 4.6 describes the 
transfer cycles generated for all combinations of log- 
ical operand lengths and alignment. 


Table 4.6. Transfer Bus Cycles 
for Bytes Words and Dwords 
, 


Byte-Length 
of Logical 
Operand 
1 
2 
4 


Physical 
Byte 
Address 
in 
xx 
00 
01 
10 
11 
00 
01 
10 
11 
Memory 
(Low-Order 
Bits) 


ITransfer 
b 
w 
lb, 
w 
hb, 
lw, 
hb, 
hw, 
mw, 


Cycles 
hb 
I,b 
hw 
Ib, 
Iw 
hb, 


mw 
Ib 


Key: 
b ~ 
byte transfer 
w ~ 
word 
transfer 
I ~ 
low-order 
portion 
m ~ 
mid-order 
portion 
x ~ 
don't 
care 
h ~ 
high-order 
portion 
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FTFFFFH ,....-- 
•••••• 


8000FFH I 
:::------?- COPROCESSOR 
8000F8H 
L. __ 
==::::r-_..I 
,•••srrr 
(.off) 
~ 


/NOT/). 
IACCESSIBLE I 
W 
./~ 


OOFFFFHB } 
ACCESSIBLE 
6.kBYTE 
PROGRAIo4Io4ED 
OOOOOOH 
OOOOOOH 
I/O 
SPACE 


PHYSICAL Io4EIo40RYSPACE 
I/O 
SPACE 


NOTE: 
Since 
A23 is HIGH during 
automatic 
communication 
with coprocessor, 
A23 HIGH and M/~ 
LOW can be used to easily 
generate 
a coprocessor 
select 
signal. 


PH'I'SICAL 
Io4EIo40RY 


,~ 


., 


~ 
I 
NOT /! 


~ 
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Figure 4.3. Physical Memory and I/O Spaces 


4.4 Bus Functional Description 
5. Read from 1/0 space (or coprocessor) 
6. Write to 1/0 space (or coprocessor) 
7. Interrupt acknowledge (always locked) 
8. Indicate halt, or indicate shutdown 


The 80376 has separate, parallel buses for data and 
address. The data bus is 16 bits in width, and bidi- 
rectional. The address bus provides a 24·bit value 
using 23 signals for the 23 upper-order 
address bits 
and 2 Byte Enable signals to directly indicate the 
active bytes. These buses are interpreted and con- 
trolled by several definition signals. 


The definition of each bus cycle is given by three 
signals: M/iO, 
W/R and DIG. At the same time, a 
valid address is present on the byte enable signals, 
BHE and BLE, and the 
other 
address signals 
A23-A1. A status signal, ADS, indicates when the 
80376 issues a new bus cycle definition and ad- 
dress. 


Collectively, the address bus, data bus and all asso- 
ciated control signals are referred to simply as "the 
bus". When active, the bus performs one of the bus 
cycles below: 
1. Read from memory space 
2. Locked read from memory space 
3. Write to memory space 
4. Locked write to memory space 


Table 4.2 shows the encoding of the bus cycle defi- 
nition signals for each bus cycle. See Bus Cycle 
Definition Signals for additonal information. 


When the 80376 bus is not performing one of the ' 
activities listed above, it is either Idle or in the Hold 
Acknowledge state, which may be detected by ex- 
ternal circuitry. The idle state can be identified by the 
80376 giving no further assertions on its address 
strobe output (ADS) since the beginning of its most 
recent bus cycle, and the most recent bus cycle hav- 
ing been terminated. The hold acknowledge state is 
identified by the 80376 asserting its hold acknowl- 
edge (HLDA) output. 


The shortest time unit of bus activity is a bus state. A 
bus state is one processor clock period (two CLK2 
periods) in duration. A complete data transfer occurs 
during a bus cycle, composed of two or more bus 
states. 
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CLK2[ 
(INPUT) 


BHE•.'!LE.A! -A2~ 
[ 
Iol/IO.D/C.W/R 
(OUTPUTS) 


ADS [ 
(OUTPUT) 


HA[ 
(INPUT) 


READY [ 
(INPUT) 


LOCK [ 
(OUTPUT) 


00-015 
[ 
(INPUT DURINGREAD) 


CYCLE 1 
CYCLE2 
NON-PIPELlNED 
NON-PIPELlNED 
(READ) 
(READ) 


T1 
T2 
T1 
T2 


.11.2 
.11.2 
.11.2 
.11.2 


CYCLE3 
NON-PIPELlNED 
(READ) 


T1 
T2 


.11.2 
.11.2 
.1 


Every bus cycle continues until it is acknowledged 
by the external system hardware. using the 80376 
READY input. Acknowledging the bus cycle at the 
end of the first T2 results in the shortest bus cycle. 
requiring only T1 and T2. If READY is not immedi- 
ately asserted however, T2 states are repeated in- 
definitely until the READY input is sampled active. 


The pipelining option provides a choice of bus cycle 
timings. 
Pipelined 
or 
non-pipelined 
cycles 
are 
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Figure 4.4. Fastest Read Cycles with Non-Plpelined Timing 


The fastest 80376 bus cycle requires only two bus 
selectable on a cycle-by-cycle basis with the Next 


states. For example, three consecutive bus read cy- 
Address (NA) input. 


cles, each consisting of two bus states, are shown 
by Figure 4.4. The bus states in each cycle are 
named T1 and T2. Any memory or 1/0 address may 
be accessed by such a two-state bus cycle, if the 
external hardware is fast enough. 


When pipelining is selected the address (BHE,.BLE 
and A23-Al) 
and definition (W/R, D/C, 
M/iD 
and 
LOCK) of the next cycle are available before the end 
of the current cycle. To signal their availability, the 
80376 address status output (ADS) is asserted. Fig- 
ure 4.5 illustrates the fastest read cycles with pipe- 
lined timing. 


Note from Figure 4.5 the fastest bus cycles using 
pipelining require only two bus states, named T1P 
and T2P. Therefore pipelined cycles allow the same 
data bandwidth as non-pipelined CYCles,but ad- 
dress-to-data access time is increased by one 
T-state time compared to that of a non-pipelined cy- 
cle. 
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CYCLE 1 
CYCLE2 
CYCLE3 
PIPELlNED 
PIPELlNED 
PIPELlNED 
(READ) 
(READ) 
(READ) 


T1P 
T2P 
T1P 
T2P 
T1P 
T2P 


.11.2 
.11.2 
.11.2 
.11.2 
.11.2 
.11.2 


CLK2[ 
(INPUT) 


BHE,!LE,A!-A2~ 
[ 
1.1/10, D/C, W/R 
(OUTPUTS) 


ADS [ 
(OUTPUT) 


'NA [ 
(INPUT) 


READY [ 
(INPUT) 


LOCK [ 
(OUTPUT) 


.00-015 
[ 
(INPUT DURINGREAD) 
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READ AND WRITE 
CYCLES 


Figure 4,5, Fastest Read Cycles with Plpellned Timing 


Data transfers 
occur as a result of bus cycles, classi- 
fied as read or write cycles. During read cycles, data 
is transferred 
from an external 
device to the proces- 
sor, During write cycles, data is transferred 
from the 
processor 
to an external 
device. 


Two choices 
of bus cycle timing are dynamically 
se- 
lectable: 
non-pipelined 
or pipelined. 
After an idle bus 
state, the processor 
always uses non-pipelined 
tim- 
ing. However 
the NA (Next Address) 
input may be 
asserted 
to select 
pipelined 
timing for the next bus 
cycle. 
When 
pipelining 
is selected 
and the 
80376 
has a bus request 
pending 
internally, 
the address 
and 
definition 
of the 
next 
cycle 
is made 
available 
even before 
the current 
bus cycle is acknowledged 
by READY. 


Terminating 
a read or write cycle, like any bus cycle, 
requires 
acknowledging 
the cycle 
by asserting 
the 
READY input. Until acknowledged, 
the processor 
in- 
serts wait states into the bus cycle, to allow adjust- 


ment for the speed of any external 
device. 
External 
hardware, 
which 
has decoded 
the address 
and bus 
cycle type, asserts the READY input at the appropri- 
ate time. 


At the end of the second 
bus state 
within 
the bus 
cycle, 
READY 
is sampled. 
At that 
time, 
if external 
hardware 
acknowledges 
the bus cycle 
by asserting 
READY, the bus cycle terminates 
as shown in Figure 
4.6. If READY is negated 
as in Figure 4.7, the 80376 
executes 
another 
bus 
state 
(a 
wait 
state) 
and 
READY 
is sampled 
again 
at the end of that 
state. 
This continues 
indefinitely 
until the cycle is acknowl- 
edged by READY asserted. 


When the current cycle is acknowledged, 
the 80376 
terminates 
it. When 
a read cycle 
is acknowledged, 
the 80376 latches the information 
present 
at its data 
pins. When a write cycle is acknowledged, 
the write 
data. of the 80376 
remains 
valid throughout 
phase 
one of the next bus state, to provide 
write data hold 
time. 
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IDLE 


I 


CYCLE 1 
I 
CYCLE 2 
I 
CYCLE 3 


I 


IDLE I 
CYCLE <4 
I 
IDLE 


I 


NON-PIPELlNED 
NON-PIPELlNED 
NON-PIPELlNED 
NON-PIPELlNED 
(WRITE) 
(READ) 
(WRITE) 
(READ) 


n 
T1 
T2 
T1 
T2 
T1 
T2 
n 
T1 
T2 
n 


CLK2 [ 
_ nn.nn.nn nn.nn.'in.nn,nn.n..runn nn. 


PROCESSOR CLK [ 
- \JVVV\J\J\JVVV\J 


BHE,BLE, 
[ 
A1-A23, 
XXXX 
VALID 1 
OC 
VALID 2 
OC 
VALID 3 
IXXXXIX 
VALID <4 
IX 


M/iQ,D/G 


WIRe 
~ 
" 
Inw 
xxxx 
r\ 
/ 
X 
IJo. 


r- 
V- 
ADS [ 
x.; 
i\.- 
~ 
/ 
~ 
I 
, 


NA[ 
X 
X 
X X 
X 
xxX 
IXXXX 
IX X 
X 
xX 
XXX 
XXX 
XXX 
IXXXX 


READY [ 
DJ. 
XIX 
X 
xx 
XJo. 
.LXX 
IXXlo. 
.LXX 
IXXlo. 
I.X 
xXX 
Xlo. 


END CYCLE 1 
END CYCLE 2 
END CYCLE 3 
END CYCLE <4 


LOCK [ 
XIX 
X X XIX 
VALID 1 
X 
VALID 2 
oc 
VALID 3 
XXX 
X 
VALID <4 
XXXX 


00-015 
[ . ----- --{ 
OUT 
- --- 
IN 
-{ 
OUT 
}- ----- --- 
IN --- 
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Idle states 
are shown 
here for diagram 
variety 
only. Write cycles 
are not always 
followed 
by an idle state. An active 
bus 
cycle 
can immediately 
follow 
the write cycle. 


Figure 4.6. Various Non·Plpellned Bus Cycles (Zero Wait States) 


Non·Plpellned Bus Cycles 


Any bus cycle may be performed with non-pipelined 
timing. For example, Figure 4.6 shows a mixture of 
non-pipelined read and write cycles. Figure 4.6 
shows that the fastest possible non-pipelined cycles 
have two bus states per bus cycle. The states are 
named T1 and T2. In phase one of T1, the address 
signals and bus cycle definition signals are driven 
valid and, to signal their availability, address strobe 
(ADS) is simultaneously asserted. 


During read or write cycles, the data bus behaves as 
follows. If the cycle is a read, the 80376 floats its 
data signals to allow driving by the external device 
being addressed. The 80376 requires that all data 
bus pins be at a valid logic state (HIGH or LOW) 
at the end of each read CYCle,when READY Is 
asserted. 
The system 
MUST be designed 
to 
meet this requirement. 
If the cycle is a write, data 
signals are driven by the 80376 beginning in phase 
two of T1 until phase one of the bus state following 
cycle acknowledgement. 
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Idle states 
are shown 
here for diagram 
variety 
only. Write cycles 
are not always 
followed 
by an idle state. An active 
bus 


cycle 
can immediately 
follow 
the write cycle. 


Figure 4.7. Various Non·Plpellned Bus Cycles (Various Number of Wait States) 


Figure 4.7 illustrates non-pipelined bus cycles with 
one wait state added to Cycles 2 and 3. READY is 
sampled inactive at the end of the first T2 in Cycles 
2 and 3. Therefore Cycles 2 and 3 have T2 repeated 
again. At the end of the second T2. READY is sam- 
pled active. 


When address pipelining is not used, the address 
and bus cycle definition remain valid during all wait 
states. When wait states are added and it is desir- 
able to maintain non-pipelined timing. it is necessary 
to negate NA during each T2 state except the 


last one. as shown in Figure 4.7. Cycles 2 and 3. If 
NA is sampled active during a T2 other than the last 
one. the next state would be T21or T2P instead of 
another T2. 


When address pipelining is not used. the bus states 
and transitions are completely illustrated by Figure 
4.8. The bus transitions between four possible 
states. T1. T2. Tj. and Th. Bus cycles consist of T1 
and T2. with T2 being repeated for wait states. Oth- 
erwise the bus may be idle. Ti. or in the hold ac- 
knowledge state Th. 
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Bus States: 
Tl-first 
clock of a non-pipelined bus cycle (80376 
drives new address and asserts ADS). 


T2-subsequent 
clocks of a bus cycle when NA has not been sampled asserted in the current bus cycle. 
Ti-idle 
state. 
Th-hold 
acknowledge state (80376 
asserts HLDA). 


The fastest bus cycle consists of two states: Tl and T2.. 
Four basic bus states describe bus operation when not using pipelined address. 


Figure 4.8. 80376 Bus States (Not Using Plpellned Address) 


Bus cycles always begin with T1. T1 always leads to 
T2. If a bus cycle is not acknowledged during T2 and 
NA is inactive, T2 is repeated. When a cycle is ac- 
knowledged during T2, the following state will be T1 
of the next bus cycle if a bus request is pending 
internally, or Ti if there is no bus request pending, or 
Th if the HOLD input is being asserted. 


Use of pipelining allows the 80376 to enter three 
additional bus states not shown in Figure 4.8. Figure 
4.12 is the complete bus state diagram, including 
pipelined cycles. 


Plpellned Bus Cycles 


Pipelining is the option of requesting the address 
and 
the 
bus cycle definition of the next inter- 


nally pending bus cycle before the current bus cycle 
is acknowledged with READY asserted. ADS is as- 
serted by the 80376 when the next address is is- 
sued. The pipelining option is controlled on a cycle- 
by-cycle basis with the NA input signal. 


Once a bus cycle is in progress and the current ad- 
dress has been valid for at least one entire bus 
state, the NA input is sampled at the end of every 
phase one until the bus cycle is acknowledged. Dur- • 
ing non-pipelined bus cycles NA is sampled at the 
I 
end of phase one in every T2. An example is Cycle 2 
in Figure 4.9, during which NA is sampled at the end 
of phase one of every T2 (it was asserted once dur- 
ing the first T2 and has no further effect during that 
bus cycle). 
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Following any idle bus state (Ti), bus cycles are non-pipelined. Within non-pipelined bus cycles, NA is only sampled 
during wait states. Therefore, to begin pipelining during a group of non-pipelined bus cycles requires a non-pipelined 
cycle with at least one wait state (Cylcle 2 above). 


T2P 
T1P 
T2P 


Figure 4.9. Transltlonlng 
to Plpelinlng 
during Burst of Bus Cycles 


If NA is sampled 
active, the 80376 is free to drive the 


address 
and bus cycle definition 
of the next bus cy- 


cle, and assert ADS, as soon as it has a bus request 
internally 
pending. 
It may drive the next address 
as 


early as the next bus state, whether 
the current 
bus 


cycle is acknowledged 
at that time or not. 


Regarding 
the details 
of pipelining, 
the 80376 
has 


the following 
characteristics: 


1. The next address 
and status may appear as early 


as the bus state after NA was sampled 
active (see 


Figures 
4.9 or 4.10). 
In that 
case, 
state 
T2P 
is 


entered 
immediately. 
However, 
when there is not 


an internal 
bus request 
already 
pending, 
the next 


address 
and status 
will not be available 
immedi- 
ately after 
NA is asserted 
and T21 is entered 
in- 


stead of T2P (see Figure 4.11 Cycle 3). Provided 
the 
current 
bus 
cycle 
isn't 
yet 
acknow- 


ledged 
by READY 
asserted, 
T2P will be entered 


as soon as the 80376 does drive the next address 
and 
status. 
External 
hardware 
should 
therefore 


observe 
the ADS output 
as confirmation 
the next 


address 
and status 
are actually 
being 
driven 
on 


the bus. 


2. Any address 
and status which are validated 
by a 


pulse on the 80376 ADS output will remain stable 
on the 
address 
pins for at least 
two 
processor 


clock 
periods. 
The 80376 
cannot 
produce 
a new 


address 
and 
status 
more 
frequently 
than 
every 


two 
processor 
clock 
periods 
(see 
Figures 
4.9, 


4.10 and 4.11). 


3. Only the address 
and bus cycle 
definition 
of the 


very next bus cycle is available. 
The pipelining 
ca- 


pability 
cannot 
look 
further 
than 
one 
bus cycle 
ahead (see Figure 4.11, Cycle 1). 
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Following 
any idle bus state 
(Ti) the bus cycle 
is always 
non-pipelined 
and NA is only sampled 
during 
wait states. 
To 
start, address 
pipelining 
after an idle state requires 
a non-pipelined 
cycle with at least one wait state (cycle 
1 above). 


The pipelined 
cycles 
(2, 3, 4 above) 
are shown 
with various 
numbers 
of wait states. 


Figure 4.10. Fastest Transition 
to Plpellned 
Bus Cycle Following 
Idle Bus State 


The complete 
bus state transition 
diagram, 
including 
a pipelined 
bus cycle T1 P. From an idle state, Tj, the 
pipelining 
is given by Figure 4.12. Note it is a super- 
first bus cycle must begin with T1, and is therefore 
a 
set of the diagram 
for non-pipelined 
only, and the 
non-pipelined 
bus cycle. The next bus cycle will be 
three 
additional 
bus states 
for pipelining 
are drawn 
pipelined, 
however, 
provided 
NA is asserted 
and the 
in bold. 
first bus cycle ends in a T2P state (the address 
and 
status for the next bus cycle 
is driven 
during T2P). 


The fastest path from an idle state to a pipelined 
bus 
cycle is shown in bold below: 
The fastest 
bus cycle with pipelining 
consists 
of just 
two 
bus states, 
T1 P and T2P (recall 
for non-pipe- 
lined it is T1 and T2). T1 P is the first bus state of a 
pipelined 
cycle. 
T1-T2-T2P, 
T1P-T2P, 


Initiating 
and Maintaining 
Plpellned 
Bus Cycles 


Using 
the 
state 
diagram 
Figure 
4.12, 
observe 
the 
transitions 
from an idle state, Ti, to the beginning 
of 


idle 
non-pipelined 
states 
cycle 
pipelined 
cycle 
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Figure 4.11. Details of Address Pipelinlng during Cycles with Wait States 


T1- T2- T2P are the states of the bus cycle that es- 
The transition ,to pipellned address is shown func- 
tablishes address pipelining for the next bus cycle, 
tionally by Figure 4.10, Cycle 1. Note that Cycle 1 is 
which begins with T1 P. The same is true after a bus 
used to transition into pipelined address timing for 
hold state, shown below: 
the subsequent Cycles 2, 3 and 4, which are pipe- 
lined. The NA input is asserted at the appropriate 
Th. Th. Th. 
T1-T2-T2P. 
T1P-T2P. 
time to select address pipelining for Cycles 2,3 and 
4. 


hold aknowledge non-pipelined 
states 
cycle 
pipelined 
cycle 
Once a bus cycle is in progress and the current ad- 
dress and status has been valid for one entire bus 
state, the NA input is sampled at the end of every 
phase one until the bus cycle is acknowledged. 
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Bus States: 
T1-first 
clock 
of a non-pipelined 
bus cycle 
(80376 
drives 
new address, 
status 
and asserts ADS). 
T2-subsequent 
clocks 
of a bus cycle when 
NA has not been sampled 
asserted 
in the current 
bus cycle. 


T21-subsequent 
clocks 
of a bus cycle when 
NA has been sampled 
asserted 
in the current 
bus cycle 
but there 
is not yet 
an internal 
bus request 
pending 
(80376 
will not drive new address, 
status 
or assert ADS). 
T2P-subsequent 
clocks 
of a bus cycle 
when 
NA has been 
sampled 
asserted 
in the current 
bus cycle 
and there 
is an 


internal 
bus request 
pending 
(80376 
drives 
new address, 
status 
and asserts ADS). 
T1 P-first 
clock 
of a pipelined 
bus cycle. 


Ti--idle 
state. 


Th--hold 
acknowledge 
state 
(80376 
asserts 
HLDA). 


Asserting 
NA for pipelined 
bus cycles 
gives access 
to three 
more bus states: 
T21, T2P and T1P. 
Using pipelining 
the fastest 
bus cycle consists 
of T1P and T2P. 


Figure 4.12. 80376 Processor 
Complete 
Bus States (Including 
Plpellnlng) 
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Sampi!!!g begins in T2 during Cycle 1 in Figure 4.10. 
Once NA is sampled active during the current cycle, 
the 80376 is free to drive a new address and bus 
cycle definition on the bus as early as the next bus 
state. In Figure 4.10, Cycle 1 for example, the next 
address and status is driven during state T2P. Thus 
Cycle 1 makes the transition to pipelined timing, 
since it begins with T1 but ends with T2P. Because 
the address for Cycle 2 is available before Cycle 2 
begins, Cycle 2 is called a pipelined bus cycle, and it 
begins with T1P. Cycle 2 begins as soon as READY 
asserted terminates Cycle 1. 


Examples of transition bus cycles are Figure 4.10, 
Cycle 1 and Figure 4.9, Cycle 2. Figure 4.10 shows 
transition during the very first cycle after an idle bus 
state, which is the fastest possible transition into ad- 
dress pipelining. Figure 4.9, Cycle 2 shows a tran- 
sition cycle occurring during a burst of bus cycles. In 
any case, a transition cycle is the same whenever it 
occurs: it consists at least of T1, T2 (NA is asserted 
at that time), and T2P (provided the 80376 has an 
internal bus request already pending, which it almost 
always has). T2P states are repeated if wait states 
are added to the cycle. 


Note that only three states (T1, T2 and T2P) are 
required in a bus cycle performing a transition 
from 
non-pipelined into pipelined timing, for example Fig- 
ure 4.10, Cycle 1. Figure 4.10, Cycles 2, 3 and 4 
show that pipelining can be maintained with two- 
state bus cycles consisting only of T1P and T2P. 


Once a pipelined bus cycle is in progress, pipelined 
timing is maintained for the next cycle by asserting 
NA and detecting that the 80376 enters T2P during 
the current bus cycle. The current bus cycle must 
end in state T2P for pipelining to be maintained in 
the next cycle. T2P is identified by the assertion of 
ADS. Figures 4.9 and 4.10 however, each show 


pipelining ending after Cycle 4 because Cycle 4 
ends in T21.This indicates the 80376 didn't have an 
internal bus request prior to the acknowledgement 
of Cycle 4. If a cycle ends with a T2 or T21,the next 
cycle will not be pipelined. 


Realistically~pelining 
is almost always maintained 
as long as NA is sampled asserted. This is so be- 
cause in the absence of any other request, a code 
prefetch request is always internally pending until 
the instruction decoder and code prefetch queue are 
completely full. Therefore pipelining is maintained 
for long bursts of bus cycles, if the bus is available 
(Le., HOLD inactive) and NA is sampled active in 
each of the bus cycles. 


INTERRUPT 
ACKNOWLEDGE 
(INTA) 
CYCLES 


In repsonse to an interrupt request on the INTR in- 
put when interrupts are enabled, the 80376 performs 
two interrupt acknowledge cycles. These bus cycles 
are similar to read cycles in that bus definition sig- 
nals define the type of bus activity taking place, and 
each cycle continues until acknowledged by READY 
sampled active. 


The state of A2 distinguishes the first and second 
interrupt acknowledge cycles. The byte address 
driven during the first interrupt acknowledge cycle is 
4 (A23-A3, A1' BlE lOW, A2 and BHE HIGH). The 
byte address driven during the second interrupt ac- 
knowledge cycle is 0 (A23-A1' BlE lOW and BHE 
HIGH). 


The LOCK output is asserted from the beginning of 
the first interrupt acknowledge cycle until the end of 
the second interrupt acknowledge cycle. Four idle 
bus states, Tj, are inserted by the 80376 between 
the two interrupt acknowledge cycles for compatibil- 
ity with the interrupt specification TRHRL of the 
8259A Interrupt Controller and the 82370 Integrated 
Peripheral. 
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Interrupt Vector (0-255) is read on 00-07 
at end of second Interrupt Acknowledge bus cycle. 


Because each Interrupt Acknowledge bus cycle is followed by idle bus states, asserting NA has no practical effect. 
Choose the approach which is simplest for your system hardware design. 


Figure 4.13. Interrupt Acknowledge Cycles 


During both interrupt acknowledge cycles, 015-00 
HALT INDICATION CYCLE 


float. No data is read at the end of the first interrupt 
acknowledge cycle. At the end of the second inter- 
rupt acknowledge cycle, the 80376 will read an ex- 
ternal interrupt vector from 07-00 of the data bus. 
The vector indicates the specific interrupt number 
(from 0-255) requiring service. 


The 80376 execution unit halts as a result of execut- 
ing a HLT instruction. Signaling its entrance into the 
halt state, a halt indication cycle is performed. The 
halt indication cycle is identified by the state of the 
bus definition Signals and a byte address of 2. See 
the Bus Cycle Definition Signals section. The halt 
indication cycle must be acknowledged by READY 
asserted. A halted 80376 resumes execution when 
INTR (if interrupts are enabled), NMI or RESET is 
asserted. 
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Figure 4.14. Example Halt Indication Cycle from Non-Plpellned Cycle 


SHUTDOWN INDICATION CYCLE 
ENTERING AND EXITING HOLD 
ACKNOWLEDGE 
The 80376 shuts down as a result of a protection 
fault while attempting to process a double fault. Sig· 
naling its entrance into the shutdown state, a shut- 
down indication cycle is performed. The shutdown 
indication cycle is identified by the state of the bus 
definition signals shown in Bus Cycle Definition 
Signals and a byte address of O. The shutdown indi- 
cation cycle must be acknowledged by READY as- 
serted. A shutdown 80376 resumes execution when 
NMI or RESET is asserted. 
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The bus hold acknowledge state, Th, is entered in 
response to the HOLD input being asserted. In the 
bus hold acknowledge state, the 80376 floats all 
outputs or bidirectional signals, except for HLDA. 
HLDA is asserted as long as the 80376 remains in 
the bus hold acknowledge state. In the bus hold ac- 
knowledge state, all inputs except HOLD and RE· 
SET are ignored. 
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Figure 4.15. Example 
Shutdown 
Indication 
Cycle from Non-Plpellned 
Cycle 


Th may be entered 
from a bus idle state as in Figure 
4.16 or after 
the 
acknowledgement 
of the current 
physical 
bus cycle if the LOCK signal is not asserted, 
as in Figures 4.17 and 4.18. 


This 
exited 
in response 
to the 
HOLD 
input 
being 
negated. 
The following 
state will be Tj as in Figure 
4.16 if no bus request 
is pending. 
The following 
bus 


state will be T1 if a bus request 
is internally 
pending, 
as in Figures 4.17 and 4.18. This 
exited in response 


to RESET being asserted. 


If a rising edge 
occurs 
on the edge-triggered 
NMI 


input while in Th, the event is remembered 
as a non- 
maskable 
interrupt 
2 and is serviced 
when This 
exit- 
ed uniess the 80376 is reset before This 
exited. 
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For maximum desi~rlllexibility 
the 80376 has no internal pull-up resistors on its outputs. Your design may require an 
external pullup on A1)Sand other 80376 outputs to keep them negated during float periods. 
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RESET 
DURING 
HOLD ACKNOWLEDGE 


Figure 4.16. Requesting 
Hold from Idle Bus 


RESET being asserted 
takes priority over HOLD be- 
ing asserted. 
If RESE;T is asserted 
while 
HOLD re- 


mains asserted, 
the 80376 drives its pins to defined 
states during reset, as in Table 
4.5, Pin State 
Dur- 
Ing Reset, 
and 
performs 
internal 
reset 
activity 
as 
usual. 


If HOLD remains 
asserted 
when RESET is inactive, 
the 80376 enters the hold acknowledge 
state before 
performing 
its first bus cycle, 
provided 
HOLD is still 
asserted 
when 
the 
80376 
processor 
would 
other- 
wise perform 
its first bus cycle. If HOLD remains as- 
serted 
when 
RESET 
is inactive, 
the BUSY input 
is 
still sampled 
as usual to determine 
whether 
a self 
test is being requested. 


FLOAT 


Activating 
the FLT input floats all 80376 bidirectional 
and output 
signals, 
including 
HLDA. 
Asserting 
FLT 
isolates 
the 80376 from the surrounding 
circuitry. 


When an 80376 
in a PQFP surface-mount 
package 
is used without 
a socket, 
it cannot 
be removed 
from 
the printed 
circuit 
board. 
The FLT input allows 
the 
80376 
to be electrically 
isolated 
to allow testing 
of 
external 
circuitry. 
This technique 
is known 
as ON- 
CETM for "ON-Circuit 
Emulation". 


ENTERING 
AND EXITING 
FLOAT 


FLT is an asynchronous, 
active-Iow 
input. It is recog- 
nized on the rising edge of CLK2. When recognized, 
it aborts the current bus cycle and floats the outputs 
of the 80376 (Figure 4.20). FLT must be held low for 
a minimum 
of 16 CLK2 cycles. 
Reset should 
be as- 
serted and held asserted 
until after FLT is deassert- 
ed. This will ensure that the 80376 will exit float in a 
valid state. 


Asserting 
the 
FLT input 
unconditionally 
aborts 
the 
current 
bus 
cycle 
and 
forces 
the 
80376 
into 
the 
FLOAT 
mode. 
Since 
activating 
FLT unconditionally 
forces the 80376 into FLOAT mode, the 80376 is not 
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READY [ 


(NEGATED. 
OR LAST LOCKED CYCLE) 
_ 
[ 
• 
(FLOATING) 
LOCK 
VALID 1 
'.----1----- 
VALID 2 


[ 
(FLOATING) 
(FLOATING) 
~I---I 
00-015 
• -----r---- 
-- 
--r---- 
-- 
OUT 


CL~2[ 


PROCESSOR CLK [ 


HOLD [ 


HLDA[ 


BHE. B~E. A~ -A2~. 
[ 
1.4/10. D/C. W/R 


CYCLE 1 
NON-PIPELlNED 
(READ) 


T1 
T2 
T2 


HOLD 
ACKNOWLEDGE 
CYCLE 2 
NON-PIPELlNED 
(WRITE) 


T1 
T2 
Th 
Th 


ADS [ 


NA[ 


240182-32 


NOTE: 
HOLD 
is a synchronous 
input 
and can be asserted 
at any CLK2 
edge. 
provided 
setup 
and hold 
(t23 and t24) require- 
ments 
are met. This waveform 
is useful for determining 
Hold Acknowledge 
latency. 


Figure 4.17. Requesting 
Hold from Active Bus (NA Inactive) 


guaranteed to enter FLOAt in a valid state: After 
ed. A bus cycle in progress can be aborted at any 
deactivating FLT. the 80376 is not guaranteed to 
stage. or idle states or bus hold acknowledge states 
exit FLOAT mode in a valid state. This is not a prob- 
discontinued so that the reset state is established. 
lem as the FLT pin is meant to be used only during 
ONCE. After exiting FLOAT. the 80376 must be re- 
set to return it to a valid state. Reset should be as- 
serted before FLT is deasserted. This will ensure 
that the 80376 will exit float in a valid state. 


RESET should remain asserted for at least 15 CLK2 
periods to ensure it is recognized throughout the 
80376. and at least 80 CLK2 periods if a 80376 self- 
test is going to be requested at the falling edge. RE- 
SET asserted pulses less than 15 CLK2 periods may 
not be recognized. RESETpulses less than 80 CLK2 
periods followed by a self-test may cause the self- 
test to report a failure when no true failure exists. 


FLT has an internal pull-up resistor. and if it is not 
used it should be unconnected. 


BUS ACTIVITY 
DURING 
AND FOLLOWING 
RESET 
Provided the RESET falling edge meets setup and 
hold times t25 and t26. the internal processor clock 
phase is defined at that time as illustrated by Figure 
4.19 and Figure 6.7. 
RESET is the highest priority input signal. capable of 
interrupting any processor activity when it is assert- 
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240182-33 


CYCLE 1 
PIPELlNED 
(WRITE) 


T21 


HOLD 
CYCLE2 
ACKNOWLEDGE 
NON-PIPELlNED 
(READ) 


T2 


CLK2[ 


PROCESSORCLK[ 


HOLD [ 


HLDA[ 


VALID 2 


NOTE: 
HOLD 
is a synchronous 
input 
and can be asserted 
at any CLK2 
edge, 
provided 
setup 
and hold 
(t23 and t24) require- 
ments 
are met. This waveform 
is useful for determining 
Hold Acknowledge 
latency. 


Figure 4_18_ Requesting 
Hold from Idle Bus (HA Active) 


An 80376 self-test may be requested at the time RE- 
SET goes inactive by having the BUSY input at a 
LOW level as shown in Figure 4.19. The self-test 
requires (220 + approximately 60) CLK2 periods to 
complete. The self-test duration is not affected by 
the test results. Even if the self-test indicates a 


problem, the 80376 attempts to proceed with the 
reset sequence afterwards. 


After the RESET falling edge (and after the self-test 
if it was requested) the 80376 performs an internal 
initialization sequence for approximately 350 to 450 
CLK2 periods. 
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RESET [ 


ClK (INTERNAL) 
[ 


PROCESSOR ClK [ 


BUSY [ 


1-----RESET----I----INI~l~~~~~ON-----...., 
z 15 ClK2 
DURATION If 
NOT GOING TO REQUEST 
SElf-TEST. 


CYCLE 1 


NON-PIPELlNED 
(READ) 


ClK2[ 


T1 
T2 


NO SElf-TEST 


(NOTE 1) 


ERROR [ 


- 
- 
UP TO 30 
ClK2 


BHE. BlE. 
~~~~~~~~~~~~~--l.~~~~ 
~x~~~I~tx~~~: 
WIR. t.l/iO. [ 
i. 
DURING RESET 


HlDA 
UP TO 30 ClK2 


A1-A23. 
[ 
Die. lOCK 


DURING RESET 
ADS [ 


flA[ 


READY [ 


lOW 
TO BEGIN SElf-TEST 
(NOTE 2) 


DURING RESET 


. UP TO 30 ClK2 


OO-D15[ 
XXXXXXX}--- 
-(flOATING)----------- 
--- 
-- 
- 
---- 


240182-34 


NOTES: 
1. BUSY should be held stable for 8 CLK2 periods before and after the CLK2 period in which RESET falling edge 
occurs. 
2. If self-test is requested. the 80376 outputs remain in their reset state as shown here. 


Figure 4.19. Bus Activity 
from Reset until First Code Fetch 


CK2 


fLT ----'\ 


CTRL :=:::x 
VALID 


DATA ---0--< 
VALID 


AODR :::::J[ 
VALID 


RESET 


::::~~::::J>----------------------------------<~ 
~x, 
_ 


c::::~::::J>---------------------------------<c::::::::::::x:::::: 


::::::::~Y[::::::::»---------------------------------<~ 
__ 
~x, 
_ 


I 
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Figure 4.20. Entering 
and Exiting FLOAT 
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4.5 Self-Test Signature 


Upon completion of self-test (if self-test was re- 
quested by driving BUSY LOW at the falling edge of 
RESET) the EAX register will contain a signature of 
OOOOOOOOH 
indicating the 80376 passed its self-test 
of microcode and major PLA contents with no prob- 
lems detected. 
The passing signature in EAX, 


OOOOOOOOH, 
applies to all 80376 revision levels. Any 
non-zero signature indicates the 80376 unit is faulty. 


4.6 Component and Revision 
Identifiers 


To assist 80376 users, the 80376 after reset holds a 
component identifier and revision identifier in its OX 
register. The upper 8 bits of OX hold 33H as identifi- 
cation of the 80376 component. (The lower nibble, 
03H, refers to the Intel386TMarchitecture. The up- 
per nibble, 30H, refers to the third member of the 
Intel386 family). The lower 8 bits of OX hold an 
8-bit unsigned binary number related to the compo- 
nent revision level. The revision identifier will, in gen- 
eral, chronologically track those component step- 
pings which are intended to have certain improve- 
ments or distinction from previous steppings. The 
80376 revision identifier will track that of the 80386 
where possible. 


The revision identifier is intended to assist 80376 
users to a practical extent. However, the revision 
identifier value is not guaranteed to change with ev- 
ery stepping revision, or to follow a completely uni- 
form numerical sequence, depending on the type or 
intention of revision, or manufacturing materials re- 
quired to be changed. Intel has sole discretion over 
these characteristics of the component. 


Table 4.7. Component and 
Revision Identifier History 


80376 Stepping Name 
Revision Identifier 


AO 
05H 


B 
08H 


4.7 Coprocessor Interfacing 


The 80376 provides an automatic interface for the 
Intel 80387SX numeric floating-point coprocessor. 
The 80387SX coprocessor uses an I/O mapped in- 
terface driven automatically by the 80376 and as- 
sisted by three dedicated signals: BUSY, ERROR 
and PEREQ. 


As the 80376 begins~orting 
a coprocessor in- 
struction, it tests the BUSY and ERROR signals to 
determine if the coprocessor can accept its next in- 
struction. Thus, the BUSY and ERROR inputs elimi- 
nate the need for any "preamble" bus cycles for 
communication between processor and coproces- 
sor. The 80387SX can be given its command op- 
code immediately. The dedicated signals provide 
instruction synchronization, and eliminate the need 
of using the 80376 WAIT opcode (9BH) for 80387SX 
instruction synchronization (the WAIT opcode was 
required when the 8086 or 8088 was used with the . 
8087 coprocessor). 


Custom coprocessors can be included in 80376 
based systems by memory-mapped or I/O-mapped 
interfaces. Such coprocessor interfaces allow a 
completely custom protocol, and are not limited to a 
set of coprocessor protocol "primitives". 
Instead, 
memory-mapped or I/O-mapped interfaces may use 
all applicable 80376 instructions for high-speed eo- 
processor communication. The BUSY and ERROR 
inputs of the 80376 may also be used for the custom 
coprocessor interface, if such hardware assist is de- 
sired. These signals can be tested by the 80376 
WAIT opcode (9BH). The WAIT instruction will wait 
until the BUSY input is inactive (interruptable by an 
NMI or enabled INTR input), but generates an ex- 
ception 16 fault if the ERROR pin is active when the 
BUSY goes (or is) inactive. If the custom coproces- 
sor interface is memory-mapped, protection of the 
addresses used for the interface can be provided 
with the segmentation mechanism of the 80376. If 
the custom interface is I/O-mapped, protection of 
the interface can be provided with the 80376 10PL 
(1/0 Privilege Level) mechanism. 


The 80387SX numeric coprocessor interface is I/O 
mapped as shown in Table 4.8. Note that the 
80387SX coprocessor interface addresses are be- 
yond the OH-OFFFFHrange for programmed 1/0. 
When the 80376 supports the 80387SX coproces- 
sor, the 80376 automatically generates bus cycles to 
the coprocessor interface addresses. 


Table 4.8 Numeric Coprocessor 
Port Addresses 


Address In 80376 
80387SX 
1/0 Space 
Coprocessor 
Register 


8000F8H 
Opcode Register 
8000FCH 
Operand Register 
8000FEH 
Operand Register 
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SOFTWARE TESTING FOR COPROCESSOR 
PRESENCE 


When· software 
is 
used 
to 
test 
coprocessor 
(B03B7SX)presence, it should use only the following 
coprocessor 
opcodes: 
FNINIT, 
FNSTCW 
and 
FNSTSW. To use other coprocessor opcodes when 
a coprocessor is known to be not present, first set 
EM = 1 in the B0376 CROregister. 


5.0 
PACKAGE 
THERMAL 
SPECIFICATIONS 


The Intel B0376 embedded processor is specified 
for operation when case temperature is within the 
range of 0·C-115·C 
for both the ceramic BB-pin 
PGA package and the plastic 100-pin PQFP pack- 
age. The case temperature may be measured in any 
environment, to determine whether the B0376 is 
within specified operating range. The case tempera- 
ture should be measured at the center of the top 
surface. 


The ambient temperature is guaranteed as long as 
Tc is not violated. The ambient temperature can be 
calculated from the 8iCand 8ia from the following 
equations: 


TJ = Tc + P*Ojc 


TA = Tj - 
P*Oja 


Tc = Ta + P*[Oja 
- 
0je! 


Values for 8ia and 8ic are given in Table 5.1 for the 
100-lead fine pitch. 8ia is given at various airflows. 
Table 5.2 shows the maximum Ta allowable (without 
exceeding Td at various airflows. Note that Ta can 
be improved further by attaching "fins" or a "heat 
sink" to the package. P is calculated using the maxi- 
mum cold Ice of 305 mA and the maximum vcc of 
5.5V for both packages. 


Table 5_1_80376 Package Thermal 
Characteristics 
Thermal Reslstances 
("C/Watt) 8)cand 8)8 


0la Versus Alrflow-ft/mln (m/sec) 


Package 81c 0 
200 
400 
600 
800 
1000 
(0) (1.01) (2.03) (3.04) (4.06) (5.07) 


100-Lead 7.5 34.5 29.5 
25.5 
22.5 
21.5 
21.0 
FinePitch 


88-Pin 
2.5 29.0 22.5 
17.0 
14.5 
12.5 
12.0 
PGA 


Table 5.2. 80376 


. Maximum Allowable Ambient 
Temperature at Various Airflows 


TA("C) vs Alrflow-ft/mln 
(m/sec) 


Package 8)c 0 
200 
400 
600 
800 
1000 
(0) (1.01) (2.03) (3.04) (4.06) (5.07) 


100-Lead 7.5 70 
7B 
B5 
90 
92 
93 
Fine Pitch 


BB-Pin 
2.5 70 
B1 
90 
95 
9B 
99 
PGA 


" 
, 


6.0 ELECTRICAL 
SPECIFICATIONS 


The following sections describe recommended elec- 
trical connections for the B0376, and its electrical 
specifications. 


6.1 Power and Grounding 


The B0376 is implemented in CHMOS IV technology 
and has modest power requirements. However, its 
high clock frequency and 47 output buffers (address, 
data, control, and HLDA) can cause power surges 
as multiple output buffers drive new signal levels 
simultaneously. For clean on-chip power distribution 
at high frequency, 14 vcc and 1BVss pins separate- 
ly feed functional units of the 80376. 


Power and ground connections must be made to all 
external vcc and GND pins of the 80376. On the 
circuit board, all vcc pins should be connected on a 
vcc plane and all Vss pins should be connected on 
a GND plane. 


POWER DECOUPLlNGJIECOMMENDATIONS 


Liberal decoupling capacitors should be placed near 
the B0376. The B0376 driving its 24-bit address bus 
and 16-bit data bus at high frequencies can cause 
transient power surges, particularly when driving 
large capacitive loads. Low inductance capacitors 
and interconnects are recommended for best high 
frequency electrical performance. Inductance can 
be reduced by shortening circuit board traces be- 
tween the B0376 and decoupling capacitors as 
much as possible. 


RESISTOR RECOMMENDATIONS 


The ERROR, FLT and BUSY inputs have internal 
pull-up resistors of approximately 20 KO and the 
PEREQ input has an internal pull-down resistor of 
approximately 20 KO built into the B0376 to keep 
these signals inactive when the 80387SX is not 
present in the system (or temporarily removed from 
its socket). 


9-59 
• 


inter 
376 EMBEDDED 
PROCESSOR 


In typical designs, the external pull-up resistors 
shown in Table 6.1 are recommended. However, a 
particular design may have reason to adjust the re- 
sistor values recommended here, or alter the use of 
pull-up resistors in other ways. 


Table 6.1. Recommended 
Resistor Pull-Ups to Vcc 


Pin Signal 
Pull-Up Value 
Purpose 


16 
ADS 
20K!l 
± 10% 
Lightly PullADS 
Inactive during 80376 
Hold Acknowledge 
States 


26 
LOCK 
20K!l 
± 10% 
Lightly Pull LOCK 
Inactive during 80376 
Hold Acknowledge 
States 


OTHER CONNECTION RECOMMENDATIONS 


For reliable operation, always connect unused in- 
puts to an appropriate signal level. N/C pins should 
always remain unconnected. 
Connection 
of NIC 
pins to Vcc or Vss will result in Incompatibility 
with future steppings of the 80376. 


Particularly when not using interrupts or bus hold (as 
when first prototyping), prevent any chance of spuri- 
ous activity by connecting these associated inputs to 
GND: 


-INTR 
-NMI 
-HOLD 


If not using address pipeJiningconnect the NA pin to 
a pull-up resistor in the range of 20 K!l to vcc. 


6.2 Absolute Maximum Ratings 


Table 6.2. Maximum Ratings 


Parameter 
Maximum Rating 


Storage Temperature 
-65°C to + 150°C 


Case Temperature 
- 65°Cto + 120°C 
under Bias 


Supply Voltage with 
-0.5Vto 
+6.5V 
Respect to Vss 


Voltage on Other Pins 
-0.5V to (Vcc + 0.5)V 


Table 6.2 gives a stress ratings only, and functional 
operation at the maximums is not guaranteed. Func- 
tional operating conditions are given in Section 6.3, 
D.C. Specifications, 
and Section 6.4, A.C. Specifi- 


cations. 


Extended exposure to the Maximum Ratings may af- 
fect device reliability. Furthermore, although the 
80376 contains protective circuitry to resist damage 
from static electric discharge, always take precau- 
tions to avoid high static voltages or electric fields. 
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6.3 D.C. Specifications· 


ADVANCE 
INFORMATION 
SUBJECT 
TO CHANGE 


Table 
6.3: 80376 D.C. Characteristics 
Functional 
Operating 
Range: vcc = 
5V ±10%; 
TeASE = O°C to 115°C for 88-pin PGA or 100-pin 
PQFP 


Symbol 
Parameter 
\ 
Mln 
Max 
Unit 


Vll 
Input LOW Voltage 
-0.3 
+0.8 
V(1) 


VIH 
Input HIGH Voltage 
2.0 
vcc +0.3 
V(1) 


Vile 
CLK2 Input LOW Voltage 
-0.3 
+0.8 
V(1) 


VIHe 
CLK2 Input HIGH Voltage 
vcc - 
0.8 
vcc + 0.3 
V(1) 
- 


VOl 
Output LOW Voltage 


IOl = 4mA: 
A23-A1,01S-00 
0.45 
V(1) 


IOl = 5 mA: 
BHE, BLE, WIR, 
0.45 
V(1) 


DIG, M/IO, 
LOCK, 
AOS,HLOA 
.•... 


VOH 
Output High Voltage 


IOH = 
-1 
mA: 
A23-A1,01S-00 
2.4 
V(1) 


IOH = 
-0.2 
mA: 
vcc - 0.5 
V(1) 


A23-A1,01S-00 
. 


IOH = 
- 0.9 mA: 
BHE, BLE, WIR, 
2.4 
V(1) 


DIG, M/IO, 
LOCK, 
ADS, HLOA 


IOH = 
-0.18 
mA: 
BHE, BLE, WIR, 
vcc - 
0.5 
V(1) 


DIG, M/IO, 
LOCK 
AOS,HLOA 


III 
Input Leakage Current 
±15 
/LA,OV s VIN ::;;VeC<1) 
(For All Pins except 
PEREQ, BUSY, FLT and ERROR) 


IIH 
Input Leakage Current 
200 
/LA, VIH= 
2.4V(1,2) 


(PEREQPin) 


III 
Input Leakage Current 
-400 
/LA, Vn, = 0.45V(3) 


'. 
(BUSY and ERROR Pins) 


ILO 
Output Leakage Current 
±15 
/LA, 0.45V ::;;VOUT ::;;VCC<1) 


Ice 
Supply Current 
CLK2 = 32 MHz 
275 
mA, Icc typ = 
175 mA(4) 
CLK2 = 40 MHz 
305 
mA, Ice typ = 200 mA(4) 


CIN 
Input Capacitance 
10 
pF, Fe = 
1 MHz(S) 


COUT 
Output or 1/0 Capacitance 
12 
pF, Fe = 
1 MHz(S) 


CClK 
CLK2 Capacitance 
20 
pF, Fe = 
1 MHz(S) 


NOTES: 
1. Tested at the minimum operating frequency of the device. 
2. PEREQ input has an internal pull-down resistor. 
3. BOSY, FIT and ERROR inputs each have an internal pull-up resistor. 
4. Ice max measurement at worse case load, vcc and temperature (OOC). 
5. Not 100% tested. 
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The A.C. specifications given in Table 6.4 consist of 
output delays, input setup requirements and input 
hold requirements. All A.C. specifications are rela- 
tive to the CLK2 rising edge crossing the 2.0V level. 


A.C. specification measurement is defined by Figure 
6.1. Inputs must be driven to the voltage levels indi- 
cated by Figure 6.1 when A.C. specifications are 
measured. 80376 output delays are specified with 
minimum and maximum limits measured as shown. 
The minimum 80376 delay times are hold times pro- 
vided to external circuitry. 80376 input setup and 
hold times are specified as minimums, defining the 


smallest acceptable sampling o,yindow.Within the 
sampling window, a synchronous input signal must 
be stable for correct 80376 processor operation. 


Outputs NA, W/R., DIG, MIR5, mci(, SRE, 8[E, 
A23-A1 and HLOA only change at the beginning of 
phase one. 015-00 (write cyc~eE)D~y change at the 
bFtO~g 
of phase two. The 
A 
,HOLD, 'IroS'?, 
ER, 
PEREQ and 015-00 
(read cycles) inputs 
are sampled at the beginning of phase one. The NA, 
INTR and NMI inputs are sampled at the beginning 
of phase two. 


CLK2[ 


I----{A.}---~ 
® 
Io4IN 
OUTPUTS 


(A 1-A23,B~,BL~, 
[ 
ADS,Io4/IO,D/C, 
W/R,LOCK,HLDA) 
---- 
••••••••• 
:.....;"•••• :.....;"•••• ~--""T"'- 


NOTE 2 


OUTPUTS [ 
(00-015) 


INPUTS [ 
(~,INTR,~Io4I) 


3.0V ,...,~~-------.r-+- 
..... 
- 


~--~Ar---~ 


NOTE 2 


t.5V 
VALID 
INPUT 


© 
NOTE 1 


t.5V 


OV-'~~----- 
••••• ~~~ 


INPUTS 


(READY,HO~D, 
ERROR,BUSY, 
PEREQ,oo-D 


LEGEND: 
A-Maximum 
Output Delay Spec. 


B-Minimum 
Output Delay Spec. 


C-Minimum 
Input Setup Spec. 


D-Minimum 
Input Hold Spec. 


© 
® 


240182-35 


NOTE 1 


3.0V ,...,~~-------.r+ 
..... 
~ 
VALID 
INPUT 
t.5V 
t.5V 


OV~~~-----""'~~~ 


Figure 6.1. Drive Levels and Measurement 
Points for A.C. Specifications 
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6.4 A.C. Specifications 


Table 
6.4. 80376 A.C. Characteristics 
at 16 MHz 
Functional 
Operating 
Range: vcc = 5V ± 10%; TCASE = O°C to 115°C for 88-pin 
PGA or 100-pin 
PQFP 


Symbol 
Parameter 
Mln 
Max 
Unit 
Figure 
Notes - 


Operating 
Frequency 
4 
16 
MHz 
Half CLK2 Freq 


tl 
CLK2 Period 
31 
125 
ns 
6.3 


t2a 
CLK2 HIGH Time 
9 
ns 
6.3 
At 2(3) 


t2b 
CLK2 HIGH Time 
5 
ns 
6.3 
At (VCC - 
0.8)V(3) 


t3a 
CLK2 LOW Time 
9 
ns 
6.3 
At 2V(3) 


t3b 
CLK2 LOW Time 
7 
ns 
6.3 
AtO.8V(3) 


4 
CLK2 Fall Time 
8 
ns 
6.3 
(Vcc-0.8)V 
to 0.aV(3) 


t5 
CLK2 Rise Time 
8 
ns 
6.3 
0.8V to (Vcc-0.8)(3) 


ts 


\ 
A23-Al 
Valid Delay 
4 
36 
6.5 
CL = 120 pF(4) 
ns 


t7 
A23-Al 
Float Delay 
4 
40 
ns 
6.6 
(1) 


ta 
SHE, SLE, LOCK 
4 
36 
ns 
6.5 
CL = 75 pF(4) 


Valid Delay 


t9 
SHE, SLE, LOCK 
4 
40 
ns 
6.6 
(1) 


Float Delay 


tlO 
WIR, 
MIIO, D/C, 
6 
33 
ns 
6.5 
CL = 75pF(4) 
ADS Valid Delay 


t11 
W IR, MIIO, D/C, 
6 
35 
ns 
6.6 
(1) 


ADS Float Delay 


t12 
D15-DO Write Data 
4 
40 
ns 
6.5 
CL = 120 pF(4) 
Valid Delay 


t13 
D15-DO,Write 
Data 
4 
35 
ns 
6.6 
(1) 


Float Delay 


t14 
HLDA Valid Delay 
4 
33 
ns 
6.6 
CL = 75pF(4) 


t15 
NA Setup Time 
5 
ns 
6.4 


t16 
NAHoldTime 
21 
ns 
6.6 


t19 
READY Setup Time 
19 
ns 
6.4 


t20 
READY Hold Time 
4 
ns 
6.4 


t21 
Setup Time D15-DO Read Data 
9 
ns 
6.4 


t22 
Hold Time D15-DO Read Data 
6 
ns 
6.4 


t23 
HOLD Setup Time 
26 
ns 
6.4 


t24 
HOLD Hold Time 
5 
ns 
6.4 


t25 
RESET Setup Time 
13 
ns 
6.7 
. 


t26 
RESET Hold Time 
4 
ns 
6.7 
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Table 6.4. 80376 A.C. Characteristics 
at 16 MHz 
(Continued) 
Functional 
Operating 
Range: vcc = 
5V ± 10%; TCASE = 
O·C to 115·C for BB-pin PGA or 100-pin 
PQFP 


Symbol 
Parameter 
Mln 
Max 
Unit 
Figure 
Notes 


t27 
NMI, INTR Setup Time 
16 
ns 
6.4 
(2) 


t28 
NMI, INTR Hold Time 
16 
ns 
6.4 
(2) 


t29 
PEREQ, ERROR, BUSY, FLT 
16 
ns 
6.4 
(2) 


Setup Time 


t30 
PEREQ,ERROR,BUSY,FLT 
5 
ns 
6.4 
(2) 


Hold Time 


NOTES: 
1. Float condition occurs when maximum output current becomes less than ILO in magnitude. Float delay is not 100% 
tested. 
' 


2. These inputs are allowed to be asynchronous to CLK2. The setup and hold specifications are given for testing purposes, 
to assure recognition within a specific CLK2 period. 
3. These are not tested. They are guaranteed by design characterization. 
4. Tested with CL set to 50 pF and derated to support the indicated distributed capacitive load. See Figures 6.8 through 6.10 
for capacitive derating curves. 
5. The 80376 does not have t17 or t18 timing specifications. 


Table 
6.5. 80376 A.C. Characteristics 
at 20 MHz 
Functional 
Operating 
Range: vcc = 
5V ± 10%; TCASE = O·C to 115·C for BB-pin PGA or 100-pin 
PQFP 


Symbol 
Parameter 
Mln 
Max 
Unit 
Figure 
Notes 


Operating 
Frequency 
4 
20 
MHz 
Half CLK2 Frequency 


tl 
CLK2 Period 
25 
125 
ns 
6.3 


t2a 
CLK2 HIGH Time 
B 
ns 
6.3 
At2V(3) 


t2b 
CLK2 HIGH Time 
5 
ns 
6.3 
At (Vcc 
- 
0.B)V(3) 


t3a 
CLK2 LOW Time 
B 
ns 
6.3 
At2V(3) 


t3b 
CLK2 LOW Time 
6 
ns 
6.3 
AtO.BV(3) 


~ 
CLK2 Fall Time 
B 
ns 
6.3 
(Vcc-O.BV) 
to 0.BV(3) 


t5 
CLK2 Rise Time 
B 
ns 
6.3 
O.BV to (Vcc-0.B)(3) 


ts 
. A23-Al 
Valid Delay 
4 
30 
ns 
6.5 
CL = 
120 pF(4) 


t7 
A23-Al 
Float Delay 
4 
°ns 
6.6 
(1) 


t8 
SHE, SLE, LOCK 
4 
30 
ns 
6.5 
CL = 75 pF(4) 
Valid Delay 


t9 
BHE, BLE, LOCK 
4 
32 
ns 
6.6 
(1) 


Float Delay 


tlOa 
MIIO, DIG 
6 
2B 
ns 
6.5 
CL = 75pF(4) 
Valid Delay 


tlOb 
W/R,ADS 
6 
26 
ns 
6.5 
CL = 75 pF(4) 
Valid Delay 


tll 
WIR, 
MIIO, D/C, 
6 
30 
ns 
6.6 
(1) 


ADS Float Delay 


t12 
D15-DO Write Data 
4 
3B 
ns 
6.5 
CL=120pF 
Valid Delay 


t13 
D15-DO Write Data 
4 
27 
ns 
6.6 
(1) 


Float Delay 
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Table 6.5. 80376 A.C. Characteristics 
at 20 MHz 
(Continued) 
Functional 
Operating 
Range: vcc = 5V ± 10%; TCASE = O°C to 115°C for 88-pin 
PGA or 1DO-pin PQFP 


Symbol 
Parameter 
Mln 
Max 
Unit 
Figure 
Notes 


t14 
HLDA Valid Delay 
4 
28 
ns 
6.5 
CL = 75 pF(4) 


t15 
NA Setup Time 
5 
ns 
6.4 


t16 
NAHoldTime 
12 
ns 
6.4 


~19 
READY Setup Time 
12 
ns 
6.4 


t20 
READY Hold Time 
4 
ns 
6.4 


t21 
015-00 
Read Data Setup Time 
9 
ns 
6.4 


t22 
015-00 
Read Data Hold Time 
6 
ns 
6.4 
- 


t23 
HOLD Setup Time 
17 
ns 
6.4 


t24 
HOLD Hold Time 
5 
ns 
6.4 


t25 
RESET Setup Time 
12 
ns 
6.7 


t26 
RESET Hold Time 
4 
ns 
6.7 


t27 
NMI, INTR Setup Time 
16 
ns 
6.4 
(2) 


t28 
NMI, INTR Hold Time 
16 
ns 
6.4 
(2) 


. t29 
PEREQ, ERROR, BUSY, FLT 
14 
ns 
6.4 
(2) 


Setup Time 


t30 
PEREQ, ERROR, BUSY, FLT 
5 
ns 
6.4 
(2) 


Hold Time 


NOTES: 
1. Float condition occurs when maximum output current becomes less than ILO in magnitude. Float delay is not 100% 
tested. 
2. These inputs are allowed to be asynchronous to CLK2. The setup and hold specifications are given for testing purposes, 
to assure recognition within a specific CLK2 period. 
3. These are not tested. They are guaranteed by design characterization. 
4. Tested with CL set to 50 pF and derated to support the indicated distributed capacitive load. See Figures 6.8 through 6.10 
for capacitive derating curves. 
5. The 80376 does not have t17 or t18 timing specifications. 


A.C. TEST 
LOADS 
A.C. TIMING 
WAVEFORMS 


240182-37 


803760---, 


OUTPUT 
-L 


~Cl= 
50pF 


240182-36 


Figure 6.2. A.C. Test Loads 
Figure 6.3. CLK2 Waveform 
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READY 
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(INPUT) 
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Figure 6.4. A.C. Timing Waveforms-Input 
Setup and Hold Timing 


Tx, 


ClK2 [ 


BHE. BlE. [ 
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A1-A23 
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Figure 6.5. A.C. Timing Waveforms-Output 
Valid Delay Timing 
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Th 
TI OR T1 
.2 


CLK2 [ 


BHE. BLE. [ 
LOCK 
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D/e.ADS 


A1-A23 [ 


00-015 
[ 


HLDA [ 


t.4AX 


240182-40 


(HIGHZ) 


@ALSO 
APPLIES TO DATA FLOAT WHEN WRITE 
CYCLEIS FOLLOWEDBY READOR IDLE 


Figure 6.6. A.C. Timing Waveforms-Output 
Float Delay and HLDA Valid Delay Timing 


-RESET--1-----INITIALlZATION 
SEQUENCE---- 


CLK2 [ 


RESET [ 


240182-41 
The second 
internal 
processor 
phase following 
RESET 
high-to-Iow 
transition 
(provided 
t25 and t26 are met) is 4>2. 


Figure 6.7. A.C. Timing Waveforms-RESET 
Setup and Hold Timing, and Internal Phase 
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Figure 
6.8. Typical 
Output 
Valid Delay versus 
Load Capacitance 
at Maximum 
Operating 
Temperature 
(CL = 120 pF) 
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Figure 
6.9. Typical 
Output 
Valid Delay 
versus 
Load Capacitance 
at Maximum 
Operating 
Temperature 
(CL = 75 pF) 
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Figure 
6.10. Typical 
Output 
Rise 
Time ,versus 
Load Capacitance 
at 
Maximum 
Operating 
Temperature 


300 


200 
200 
]: 
-..- 
;....--~ 
175 


o 
~ 
.2 
--- 
100 


ICC MEASURED AT TYPICAL Vee AND TEMPERATURE 
0 
4 
6 
8 
10 
12 
14 
16 
20 


fREQUENCY 
(MHz) 
240182-45 


Figure 
6.11. Typical 
Ice vs Frequency 
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6.5 
Designing 
for the ICETM-376 
Emulator 


The 
376 
embedded 
processor 
in-circuit 
emulator 
product 
is the ICE-376 emulator. 
Use of the emula- 
tor requires 
the target 
system 
to provide 
a socket 
that 
is compatible 
with the 
ICE-376 
emulator. 
The 
80376 offers two different 
probes for emulating 
user 
systems: 
an 88-pin 
PGA probe 
and a 100-pin 
fine 
pitch 
flat-pack 
probe. 
The 
100-pin 
fine 
pitch 
flat- 
pack 
probe 
requires 
a socket, 
called 
the 
100-pin 
PQFP, 
which 
is available 
from 
3-M 
Textool 
(part 
number 
2-0100-07243-000). 
The 
ICE-376 
emulator 
probe 
attaches 
to the target 
system 
via an adapter 
which 
replaces 
the 80376 
component 
in the target 
system. 
Because 
of the high operating 
frequency 
of 
80376 systems and of the ICE-376 emulator, 
there is 
no buffering 
between 
the 80376 
emulation 
proces- 
sor in the 
ICE-376 
emulator 
probe 
and the target 
system. 
A direct result of the non-buffered 
intercon- 
nect 
is that 
the 
ICE-376 
emulator 
shares 
the 
ad- 
dress and data bus with the user's 
system, 
and the 
RESET 
signal 
is intercepted 
by the 
ICE emulator 
hardware. 
In order 
for the ICE-376 
emulator 
to be 


functional 
in the user's 
system 
without 
the Optional 
Isolation 
Board (OIB) the designer 
must be aware of 


the following 
conditions: 


1. The bus controller 
must only enable 
data trans- 
ceivers onto the data bus during valid read cycles 
of the 
80376, 
other 
local 
devices 
or other 
bus 
masters. 


2. Before 
another 
bus master 
drives the local proc- 
essor 
address 
bus, the 
other 
master 
must 
gain 
control 
of the address bus by asserting 
HOLD and 
receiving 
the HLDA response. 


3. The emulation 
processor 
receives 
the RESET sig- 
nal 2 or 4 CLK2 cycles later than an 80376 would, 
and responds 
to RESET 
later. Correct 
phase 
of 
the response 
is guaranteed. 


In addition 
to the above considerations, 
the ICE-376 
emulator 
processor 
module 
has 
several 
electrical 
and mechanical 
characteristics 
that should be taken 
into 
consideration 
when 
designing 
the 
80376 
sys- 
tem. 


Capacitive 
Loading: 
ICE-376 
adds up to 27 pF to 
each 80376 
signal. 


Drive 
Requirements: 
ICE-376 adds one FAST TIL 
load on the CLK2, control, 
address, 
and data lines. 


These 
loads 
are within 
the processor 
module 
and 
are driven by the 80376 emulation 
processor, 
which 
has standard 
drive 
and 
loading 
capability 
listed 
in 
Tables 
6.3 and 6.4. 


Power 
Requirements: 
For 
noise 
immunity 
and 
CM OS 
latch-up 
protection 
the 
ICE-376 
emulator 
processor 
module 
is powered 
by the user system. 


The circuitry 
on the processor 
module 
draws 
up to 
1.4A 
including 
the 
maximum 
80376 
Icc 
from 
the 
\ 


user 80376 socket. 


80376 Location 
and Orientation: 
The ICE-376 em- 
ulator 
processor 
module 
may require 
lateral 
clear- 
ance. Figure 6.12 shows the clearance 
requirements 
of the iMP adapter 
and Figure 6.13 shows the clear- 
ance requirements 
of the 88-pin 
PGA adapter. 
The 


1---------- 
17.5" ----------1°1 i-T"""------I 


Dt----.~~=- 
-_--~~~-~_-X=~~B=-::-L-_-E-=_-- 
__ 
....J 


4.0" 
------ 


fLEXIBLE 
-------- 


L 
1-------------26.75"-------------'1 
~~~--~========~~FS========~c::r 
I 


i::::I 
-.l.r===w 
,a::::::::a, 


1.25" 
240182-46 


Figure 
6.12. Preliminary 
ICETM·376 Emulator 
User Cable with 
PQFP Adapter 
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PIN 1 
r- 


i- __. 


FlEX- 
IBLE 
I 
-- 
~ 


240182-50 


Figure 6.13. ICETM-376Emulator User Cable with SS-PinPGA Adapter 


optional isolation board (018), which provides extra 
electrical buffering and has the same lateral clear- 
ance requirements as Figures 6.12 and 6.13, adds 
an additional 0.5 inches to the vertical clearance re- 
quirement. This is illustrated in Figure 6.14. 


on the user's bus. The 018 allows the ICE-376 emu- 
lator to function in user systems with faults (shorted 
signals, etc.). After electrical verification the 018 
may be removed. When the 018 is installed, the user 
system must have a maximum CLK2 frequency of 20 
MHz. 
Optional 
Isolation 
80ard 
(018) and the CLK2 
speed reduction: 
Due to the unbuffered probe de- 
sign, the ICE-376 emulator is susceptible to errors 


------ 


i+---------12.7S"----------l 


[]~--=-==-----F-~=-~~X=l-B--=l-~--~---~--~ 
FLEXIBLE 


ba--' 
------;--..,----22.0"-------'1 


f,---s"ki_ii~~~ 
--&::,a:::;:II,~ 
240182-51 


Figure 6.14. ICETM-376Emulator User Cable with 018 and PQFPAdapter 
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7.0 
DIFFERENCES 
BETWEEN 
THE 
80376 AND THE 80386 


The following are the major differences between the 
80376 and the 80386. 
1. The 80376 generates byte selects on BHE and 
BlE (like the 8086 and 80286 microprocessors) 
to distinguish the upper and lower bytes on its 
16-bit data bus. The 80386 uses four-byte selects, 
BEO-BE3, to distinguish between the different 
bytes on its 32-bit bus. 
2. The 80376 has no bus sizing option. The 80386 
can select between either a 32-bit bus or a 16-bit 
bus by use of the BS16 input. The 80376 has a 
16-bit bus size. 


3. The NA pin operation in the 80376 is identical to 
that of the NA pin on the 80386 with one excep- 
tion: the NA pin of the 80386 cannot be activated 
on 16-bit bus cycles (where BS16 is lOW in the 
80386 case), whereas NA can be activated on 
any 80376 bus cycle. 


4. The contents of all 80376 registers at reset are 
identical to the contents of the 80386 registers at 
reset, except the OX register. The OX register 
contains a component-stepping identifier at reset, 
Le. 


in 80386, after reset OH = 03H indicates 80386 


. 
Ol = revision number; 
in 80376, after reset OH = 33H indicates 80376 
Ol = revision number. 


5. The 80386 uses A31 and M/la as a select for' 


numerics coprocessor. The 80376 uses the 
A23and M/la to select its numerics coproces- 
sor. 


6. The 80386 prefetch unit fetches code in four- 
byte units. The 80376 prefetch unit reads two 
bytes as one unit (like the 80286 microproces- 
sor). In BS16 mode, the 80386 takes two con- 
secutive.bus cycles to complete a prefetch re- 
quest. If there is a data read or write request 
after the prefetch starts, the 80386 will fetch 
all four bytes before addressing the new re- 
quest. 


7. The 80376 has no paging mechanism. 
8. The 80376 starts executing code in what corre- 
sponds to the 80386 protected mode. The 80386 
starts execution in real mode, which is then used 
to enter protected mode. 
9. The 80386 has a virtual-86 mode that allows the 
execution of a real mode 8086 program as a task 
in protected mode. The 80376 has no virtual-86 
mode. 


10. The 80386 maps a 48-bit logical address into a 
32-bit physical address by segmentation and 
paging. The 80376 maps its 48-bit logical ad- 
dress into a 24-bit physical address by segmen- 
tation only. 
11. The 80376 uses the 80387SX numerics coproc- 
essor for floating point operations, while the 
80386 uses the 80387 coprocessor. 


12. The 80386 can execute from 16-bit code seg- 
ments. The 80376 can only execute from 32-bit 
code Segments. 


13. The 80376 has an input called Fl T which three- 
states all bidirectional and output pins, including 
HlOA, when asserted. It is used with ON Circuit 
Emulation (ONCE). 


8.0 INSTRUCTION 
SET 


This section describes the 376 embedded processor 
instruction set. Table 8.1 lists all instructions along 
with 
instruction 
encoding 
diagrams 
and 
clock 
counts. Further details of the instruction encoding 
are then provided in the following sections, which 
completely describe the encoding structure and the 
definition of all fields occurring within 80376 instruc- 
tions. 


8.1 80376 Instruction 
Encoding and 
Clock Count Summary 


To calculate elapsed time for an instruction, multiply 
the instruction clock count, as listed in Table 8.1 be- 
low, by the processor clock period (e.g. 50 ns for an 
80376 operating at 20 MHz). The actual clock count 
of 
an 80376 program will average 
10% 
more 
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than the calculated clock count due to instruction 
sequences which execute faster than they can be 
fetched from memory, 


In~tructlonClock Count Assumptions: 
1. The instruction has been prefetched, decoded, 
and is ready for execution. 
2. Bus cycles do not require wait states. 
3. There are no local bus HOLD requests delaying 
processor acess to the bus. 


4. No exceptions are detected during instruction ex- 
ecution. 


5. If an effective address is calculated, it does not 
use two general register components. One regis- 
ter scaling and displacement can be'used within 
the clock counts showns. However, if the effec- 
tive address calculation uses two general register 
. components, add 1 clock to the clock count 
. shown. 


6. Memory reference instruction accesses byte or 
aligned 16-bit operands. 


Instruction 
Clock Count 
Notation 
- 
If two clock counts are given, the smaller refers to 
a register operand and the larger refers to a 
memory operand. 


-n 
= number of times repeated. 


-m 
= number of components in the next instruc- 
tion executed, where the entire displacement (if 
any) counts as one component, the entire im- 
mediate data (if any) counts as one component, 
and all other bytes of the instruction and pre- 
fix(es) each count as one component. 


Misaligned 
or 32-Blt Operand 
Accesses: 
- 
If instructions accesses a misaligned 16-bit oper- 
and or 32-bit operand on even address add: 


2' 
clocks for read or write. 


4•• clocks for read and write. 


- 
If instructions accesses a 32-bit operand on odd 
address add: 


4• 
clocks for read or write. 


S" 
clocks for read and write. 


Wait States: 


Wait states add 1 clock per wait state to instruction 
execution for each data access. 
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Table 8.1. 80376 Instruction Set Clock Count Summary 


Clock 
Number 
In.tructlon 
Format 
Counts 
olDala 
Not •• 
Cycles 


GENERAL 
DATA TRANSFER 


MOV - 
Move: 


Register to RegisterlMemory 
I 
1000100w 
I modreg 
r/ml 
2/2' 
Oil' 
a 


Register/Memory 
to Register 
1000101w 
I modreg 
r/ml 
2/4' 
Oil' 
a 


Immediate to Register/Memory 
1100011 
w I modOOO 
rim I immediate data 
2/2' 
Oil' 
a 


Immediate to Register (Short Form) 
1011 
w 
reg 
immediate data 
2 
2 


Memory to Accumulator 
(Short Form) 
1010000w 
full displacement 
4' 
I' 
a 


Accumulator 
to Memory (Short Form) 
1010001w 
full displacement 
2' 
I' 
a 


RegisterlMemory 
to Segment Register 
10001110 
modsreg3 
rim I 
22/23' 
016' 
a,b,c 


Segment Register to Register/Memory 
10001100 
modsreg3 
rim I 
2/2' 
Oil' 
a 


MOVSX 
- 
Move with Sign Extension 


Register from RegisterlMemory 
I 
00001111 
I 
1011111 
w I modreg 
rim I 
3/6' 
Oil' 
a 


MOVZX 
- 
Move with Zero Extension 


Register from Register/Memory 
00001111 
I 1011011 
w I modreg 
rim I 
3/6' 
Oil' 
a 


PUSH - 
Push: 


RegisterlMemory 
11111111 
I mod 11 0 
r/ml 
7/9' 
2/4' 
a 


Register (Short Form) 
01010 
reg I 
4 
, 
2 
a 


Segment Register (ES, CS, SS or OS) 
000sreg2110 
I 
4 
2 
a 


Segment Register (FS or GS) 
00001111 
I 10sreg3000 
I 
4 
2 
a 


Immediate 
011010s0 
I immediate data 
4 
2 
a 


PUSHA - 
Push All 
01100000 
I 
34 
16 
a 


POP - 
Pop 


Register/Memory 
1 
10001111 
I modOOO 
rim 1 
7/9' 
2/4' 
a 


Register (Short Form) 
101011 
reg 1 
6 
2 
a 


Segment Register (ES, SS or OS) 
I 000sreg2111 
1 
25 
6 
a, b, c 


Segment Register (FS or GS) 
I 
00001111 
1 10sreg3001 
1 
25 
6 
a, b, c 


POPA - 
Pop All 
1 
01100001 
1 
40 
16 
a 


XCHG - 
Exchange 


Register/Memory 
with Register 
1 
1000011w 
1 modreg 
r/ml 
3/5" 
0/2" 
a,m 


Register with Accumulator 
(Short Form) 
110010 
reg 1 
3 
0 


IN - 
Inpullrom: 


Fixed Port 
1 
1110010w 
1 
port number 
1 
6' 
I' 
f,k 


26' 
I' 
f,1 


Variable Port 
1 
1110110w 
I 
7' 
I' 
f,k 


27' 
I' 
f,1 


OUT - 
Output 
to: 


Fixed Port 
1 
1110011 
w 
1 
port number 
I 
4' 
I' 
f,k 


24' 
I' 
f,1 


Variable Port 
I 
1110111w 
I 
5' 
I' 
I,k 


26' 
I' 
f,1 


LEA - 
Load EA to Register 
1 
10001101 
1 modreg 
r/ml 
2 
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Table 8.1. 80376 Instruction 
Set Clock Count Summary 
(Continued) 


Clock 
Number 
Instruction 
Format 
Counts 
olDala 
Not •• 


Cycles 


.SEGMENT CONTROL 


LDS ~ Load Pointer to OS 
I 
11000101 
mod reg 
rim 
26' 
6' 
a,b,c 


LES ~ Load Pointer to ES 
I 
11000100 
modreg 
rim 
26' 
6' 
a, b, C 


LFS ~ Load Pointer to FS 
I 
00001111 
10110100 
modreg 
rim I 
29' 
6' 
a, b, C 


LGS ~ Load Pointer to GS 
I 
00001111 
10110101 
modreg 
rim I 
29' 
6' 
a, b,c 


LSS ~ Load Pointer to SS 
1 00001111 
10110010 
modreg 
rim I 
26' 
6' 
a, b,c 


FLAG CONTROL 


CLC ~ Clear Carry Flag 
11111000 
I 
2 


CLD ~ Clear Direction Flag 
11111100 
I 
2 


CLI - 
Clear Interrupt Enable Flag 
11111010 
8 
f 


CLTS ~ Clear Task Swltchad Flag 
00001111 
00000110 
I 
5 
e 


CMC ~ Complement 
Carry Flag 
11110101 
2 


LAHF ~ Load AH Into Flag 
10011111 
2 


POPF ~ Pop Flags 
10011101 
7 
a, 9 


PUSHF ~ Push Flags 
10011100 
I 
4 
a 


SAHF ~ Store AH Into Flags 
10011110 
I 
3 


STC - 
Set Carry Flag 
11111001 
I 
2 


STD ~ Set DIrection Flag 
11111101 
I 
2 


STI ~ Set Interrupt Enable Flag 
11111011 
I 
8 
f 


ARITHMETIC 


ADD ~ Add 


Register 
to Register 
1 OOOOOOdw 
modreg 
rim I 
2 
. 


Register 
to Memory 
I 
OOOOOOOw 
modreg 
rim I 
7" 
2" 
a 


Memory to Register 
I 
0000001w 
modreg 
rim I 
6' 
I' 
a 


Immediate 
to Register IMemory 
I 
100000sw 
modOOO 
rim I immediate 
data 
217" 
0/2" 
a 


Immediate to Accumulator (Short Form) 
I 
0000010w 
immediate 
data 
2 


ADC ~ Add with Carry 


Register to Register 
000100dw 
I mod rag 
rim I 
1- 
2 


Register to Memory 
0001000w 
I mod reg 
r/ml 
7" 
2" 
a 


Memory to Register 
0001001w 
I mod reg 
r/ml 
6' 
I' 
a 


Immediate 
to Register/Memory 
100000sw 
ImodOl0 
rim I immediate 
data 
217" 
0/2" 
a 


Immediate to Accumulator (Short Form) 
0001010w 
I 
immediate 
data 
2 


INC = Increment 


Register/Memory 
1 lllllllw 
I modOOO 
rim I 
2/6" 
0/2" 
a 


Register (Short Form) 
101000 
reg I 
2 


SUB ~ Subtract 


Register 
from Register 
1 001010dw 
I mod reg 
r/ml 
2 
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Table 8,1, 80376 Instruction 
Set Clock Count Summary 
(Continued) 


Clock 
Number 
Instruction 
Form.t 
Count. 
OfD.t. 
Not •• 
Cycle. 


ARITHMETIC 
(Continued) 


Register 
from Memory 
I 0010100w 
Imodreg 
r/ml 
7" 
2" 
a 


Memory from Register 
I 0010101w 
Imodreg 
r/ml 
6' 
I 
a 


Immediate 
from Register/Memory 
I I OOOOOsw 
Imod I 0 I 
r/ml 
immediate 
data 
2/7" 
OIl" 
a 


Immediate from Accumulator 
(Short Form) 
I 0010110wl 
immediate data 
2 


SBB = Subtract with Borrow 


Register 
from Register 
I 0001 
I Odw 
Imodreg 
r/ml 
2 


Register from Memory 
10001 
I OOw 
Imodreg 
r/ml 
7" 
2" 
a 


Memory from Register 
I 0001101w 
Imodreg 
r/ml 
6' 
I' 
a 


Immediate from RegisterlMemory 
I I OOOOOsw 
ImodO 
I I 
r/ml 
immediate 
data 
2/7" 
0/2·· 
a 


lmrnediate from Accumulator 
(Short Form) 
I 0001110wl 
immediate 
data 
2 


DEC = Decrement 


RegisterlMemory 
I I I I I I I lw 
IregOOl 
r/ml 
2/6" 
0/2" 
a 


Register (Short Form) 
10 100 
I 
regl 
2 


CMP = Compare 


Register 
with Register 
00 I I I Odw 
Imodreg 
r/ml 
2 
r 


Memory with Register 
00 I I I OOw 
ImOdreg 
r/ml 
5' 
I' 
a 
I' 


Register 
with Memory 
0011101w 
Imodreg 
r/ml 


, 
6" 
2" 
a 


Immediate 
with Register/Memory 
I OOOOOsw 
Imod 11 I 
rIm I immediate 
data 
2/5' 
OIl' 
a 


Immediate with Accumulator 
(Short Form) 
001 
I I IOw 
I 
immediate 
data 
2 


NEG = Change Sign 
1111011w 
ImodOll 
r/ml 
2/6' 
0/2' 
a 


AAA = ASCII Ad)u.t 
lor Add 
00 I I 0 I I I 
I 
4 


AAS = ASCII Ad)u.t 
lor Subtract 
I 00 I I I I I I I 
4 
~ 


DAA = Decimal Ad)u.t 
Ipr Add 
I 00 100 
I I I I 
4 


DAS = DeCimal Ad)u.t 
lor Subtract 
I 00 10 I I I I 
I 
4~ 


MUL = Multiply (Un.lgned) 


Accumulator 
with Register/Memory 
I 1111011w 
Imodl00 
r/ml 


Multiplier-Byte 
12-17/15-20 
all 
a,n 


-Word 
12-25/15-28' 
all' 
a,n 


-Doubleword 
12-41/17-46' 
0/2' 
a.n 


IMUL = Integer Mulllply (Signed) 


Accumulator 
with Register/MemorY 
I 1111011w 
Imodl0l 
r/ml 


'Multiplier-Byte 
12-17/15-20 
all 
a.n 
-Word 
12-25/15-28' 
011' 
a,n 
-Doubleword 
12-41/17-46' 
0/2' 
a,n 


Register 
with Register/Memory 
I 0000 
I I I I 
I 10101 
I I I 
Imodreg 
r/ml 


Multiplier-Byte 
12-17/15-20 
all 
a,n 
-Word 
12-25/15-28' 
all' 
a,n 
-Doubleword 
12-41/17-46' 
0/2' 
a,n 


Register/~emory with Immediate 
to Register I o I 10105 
I Imod rag 
r/ml 
immediate 
data 


-Word 
13-26/14-27' 
all' 
a,n 


-Ooub/eword 
13-42/16-45- 
0/2' 
e.n 
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Table 
8,1, 80376 Instruction 
Set Clock 
Count 
Summary 
(Continued) 


Clock 
Number 


Instruction 
Format 
Counts 
Of Data 
Not •• 


Cycles 


ARITHMETIC 
(Continued) 


DIY = DIvide (Unsigned) 


AccumulatOt' by Register/MemO<Y 
1" 
11 011 
w lmod 11 0 
rlml 


DiviSOt'-8yte 
14/17 
011 
a,o 


-WOt'd 
22/25' 
011' 
8,0 


-DoublewOt'd 
" ~ 
38/43' 
012' 
a,o 


IDlY = Integer 
DIvide (SIgned) 


Accumulator 
by Register/MemO<Y 
1"" 
011 
w Imod 111 
rlml 
t 


L' 


DiviSOt'-8yte 
, 
19/22 
011 
a,o 


-WOt'd 
27/30' 
011 
8,0 


-Doubl8WOt'd 
43/48' 
012' 
8,0 


AAD - 
ASCII Adjust 
for DIvIde 
I 11010101 
1000010101 
19 


AAM 
- 
ASCII AdJu.t 
for Multiply 
1,,0,0,00 
I 00001010 
I 
17 


CBW = Convert 
Byte to Word 
1,00,,0001 
3 


CWD = Convert 
Word to Double Word I 10011001 
I 
2 


LOGIC 
, 


Shift Rotate Instructions 


Not Through carry (ROL, ROR. SAL, SAR, SHL, and SHR) 


Register/MemO<Y by 1 
I 1101000wlmodTTT 
r/ml 
317" 
0/2" 
a 


Register IMemory 
by CL 
1,,0,00,W 
ImodTTT 
r/ml 
317" 
0/2" 
a 


Register/MernO<y by Immediate Count 
1" 
OOOOOw 
ImodTTT 
r/mlimmed 
8-bit data 
3/7" 
0/2" 
a 


Through carry (RCL and RCR) 


Register/MemOt'Y by 1 
1" 
0 1 OOOw 
ImodTTT 
r/ml 
9110" 
0/2" 
a 


Register/MemOt'Y by CL 
1" 
01001 
w Imod TTT 
r/ml 
9110" 
10/2" 
a 


Register/MemO<Y by Immediate Count 
11 1 00000 
w I mod TTT 
r/mlimmed 
8-bit data 
9110" 
0/2" 
a 


TTT 
Instruction 


000 
ROL 
, 


ROR 
'" 


001 


010 
RCL 


011 
RCR 


100 
SHL/SAL 


101 
SHR 


111 
SAR 


SHLD - 
Shift Left Double 


Register/MernO<y by Immediate 
I 00001111 
I 10100100lmodreg 
r/ml immed 8-bit data 
317" 
0/2" 


Register/MemOt'Y by CL 
I 00001111 
I 101001011modreg 
r/ml 
3/7" 
0/2·· 


SHRD = Shift Right Double 


Register/MernO<y by Immediate 
I 00001111 
I 10101100lmodreg 
r/mlimmed 
8-bit data 
317" 
0/2" 


Register/Memory 
by CL 
I 00001111 
I 101011011modreg 
r/ml 
317" 
0/2" 


AND - 
And 


Register to Register 
I 001000dw 
lmodreg 
r/ml 
2 
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Table 8.1. 80376 Instruction Set Clock Count 
umman 
( ontinued) 


Clock 
Number 
Instructton 
FOI'IIIIIt 
Counts 
of DIIIJI 
Not •• 


Cycles 


LOGIC 
(Continued) 


Register to Memory 
I 0010000w 
Imooreg 
r/ml 
7" 
2" 
a 


I 0010001w 
lmodreg 
r/m\ 
- 


Mematy 10 Register 
6' 
I' 
a 


Immediate to Register/Memory 
I 1000000w 
Imodl00 
r/ml immediatedata 
217" 
0/2" 
a 


Immediate to Accumulator 
(Short Form) 
I 001001 
Ow I immediatedata 
2 


TEST = And Function 
to Flag •• No Result 


Register/Memory 
and Register 
I 100001 
Ow 
Imooreg 
r/m\ 
2/5' 
Oil' 
a 


Immediate Data and Register/Memory 
I 1111011w 
ImodOOO 
rim \ immediate data 
2/5' 
Oil' 
a 


Immediate Data and Accumulator 
(Short Form) 
I 1 0 1 0 1 0 0 w I immediate data 
2 


OR = Or 


Register to Register 
000010dw 
lmodreg 
r/ml 
2 


Register to Memory 
00001 
OOw 
lmodreg 
r/ml 
7" 
2" 
a 


Memory to Register 
0000101 
w 
lmodreg 
r/ml 
1', 
6' 
I' 
a 


Immediate to Register/Memory 
1000000w 
ImodOOl 
r/ml 
immediate data 
217" 
0/2·· 
a 


Immediate to Accumulator 
(Short Form) 
0000110 
w I immediate data 
2 


XOR = Exctuslve 
Or 


O' 


Register to Register 
0011 
OOdw 
lmodreg 
r/ml 
2 


Register to Memory 
0011 
OOOw 
lmodreg 
r/ml 
7" 
2" 
a 


Memory to Register 
0011001w 
lmodreg 
r/m\ 
6' 
I' 
a 


Immediate to Register/Memory 
1 OOOOOOw 
lmodll 
0 
r/ml 
immediate data 
217" 
0/2" 
a 


Immediate to Accumulator 
(Short Form) 
o 0 1 1 0 IOw 
\ immediate data 
2 


NOT = Invert 
Regloter/Memory 
1111011w 
ImodOl0 
r/ml 
2/6" 
0/2" 
a 


STRING MANIPULATtON 


CMPS = Compare 
Byte Word 
I 1010011 
w \ 
10' 
2' 
a 


tNS = Input BytelWord 
from 
OX Port 
I 011011 
Ow I 
9" 
I" 
a.t.k 
, 
29·· 
I" 
a,I,1 


LOOS = Load Byte/Word 
to All 
AX/EAX 
I 101011 
Ow 
\ 
5' 
I' 
a 


MOVS = Move Byte Word 
I 1010010w 
\ 
7" 
2" 
a 


OUTS = OUtput Byte/Word 
to OX Port 
I 0110111 
w I 
8" 
I" 
a,f,k 
28·· 
I" 
a,I,1 


SCAS = Scan Byte Word 
I 1010111 
w I 
7' 
I' 
a 


STOS = Store Byte/Word 
from 


AL/AX/EX 
I 1010101 
w I 
4' 
I' 
a 


XLA T = Translate 
String 
I 
11010111 
I 
5' 
I' 
a 


REPEATED STRING MANIPULATION 


Repeated by Count in CX or ECX 


REPE CMPS = Compare 
String 


(Find Non,Match) 
I 
11110011 
I 1010011 
w I 
5 + 9n" 
2n·· 
a 
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Table 8.1. 80376 Instruction Set Clock Count Summary (Continued) 


Clock 
Number 
Inltructlon 
format 
Count. 
olD.hI 
Not •• 
- 
- 
Cyc ••• 


REPEATED STRING MANIPULATION (Continued) 


REPNE CMPS = Compare String 


(Find Match) 
I 11110010 
I 1010011 
w 
5 + 9n" 
2n" 
a 


REP INS ~ Input String 
I 11110011 
I 0110110w 
7 + 6n' 
In' 
a.I.k 
27 + 6n' 
In' 
a.I.1 


REP LODS ~ Load String 
I 11110011 
I 1010110w 
5 + 6n' 
In' 
a 


REP MOVS - 
Move String 
I 11110011 
I 1010010w 
7 + 4"" 
2n" 
a 


REP OUTS ~ Output String 
I 11 I 10011 
I 0110111 
w 
6 + 5n' 
In' 
a,I.k 


26 + 5n' 
In' 
a.I.1 


REPE SCAS ~ Scen String 


(Find Non-ALl AX/EAX) 
I 11110011 
I 1010111 
w I 
5 + 8n' 
In' 
-a 


REPNE SCAS - 
Scen String 


(Find All AX/EAX) 
I 11110010 
I 1010111 
w I 
5 + 6n' 
In' 
a 


REP STOS ~ Store String 
I 11110011 
I 1010101 
w I 
5 + 5n' 
In' 
a 


BIT MANIPULATION 


BSF ~ Scen Bit Forward 
I 00001111 
I 
101 
I 1100 
I mod rag 
r/ml 
10 + 3n" 
2n" 
a 


BSR ~ Scen Bit Reveroe 
I 00001111 
I 
1011 
I 101 
I mod rag 
r/ml 
10+ 3"" 
2n" 
a 


BT ~ Te.tBlt 


Register/Memory. 
Immediate 
I 00001111 
I 
10111010 
Imodl00 
r/ml immed s-bitdatal 
3/6' 
Oil' 
a 


Register/Memory. 
Register 
I 00001111 
I 10100011 
I mod reg 
r/ml 
3/12' 
Oil' 
a 


BTC ~ Teat Bit and Complement 


Register/Memory, 
Immediate 
I 00001111 
I 
10111010 
I mod 111 
r/ml immed S-bitdatal 
6/6' 
0/2' 
a 


Register/Memory. 
Register 
I 00001111 
I 
10111011 
I mod reg 
r/ml 
6/13' 
0/2' 
a 


BTR ~ T•• t Bit and Re•• t 


Register/Memory, 
Immediate 
I 00001111 
I 
10111010 
I mod 11 0 
r/ml 
immed 8~bit datal 
6/6' 
0/2' 
a 


Register/Memory, 
Register 
I 00001111 
I 
10110011 
Imod rag 
r/ml 
6/13' 
0/2' 
a 


BTS ~ Teat Bit and Set 


Register/Memory, 
Immediate 
I 00001111 
I 
10111010 
I mod 1 01 
r/ml immed S-bitdatal 
6/S' 
0/2' 
a 


Register/Memory, 
Register 
I 00001111 
I 
10101011 
I mod rag 
r/ml 
6/13' 
0/2' 
a 


CONTROL TRANSFER 


CALL ~ CaU 


Direct within Segment 
I 11101000 
I full displacement 
9+ 
m' 
2 
i 
, 


Register/Memory 


Indirect within Segment 
I 11111111 
ImodOl0 
r/ml 
9 + m/12 + m 
2/3 
a.] 


Direct Intersegment 
I 10011010 
Iunsigned full offset, selector 
42 + m 
9 
c.d.i 
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Table 8.1. 80376 Instruction 
Set Clock Count Summary 
(Continued) 


Clock 
Number 
Instruction 
Format 
Counlll 
of 0.11I 
Not •• 
Cycles 


CONTROL TRANSFER 
(Continued) 


(Direct Intersegment) 


Via Call Gate to Same Privilege Level 
64 + m 
13 
a,c,d,l 


Via Call Gate to Different Privilege Level, 


(No Parameters) 
98+m 
13 
a.c,dj 


Via Cell Gate to Different Privilege Level, 


(x Parameters) 
106 + 8x + m 
13 + 4x 
a,c,d,l 


From 386 Task to 386 TSS 
392 
124 
a,c,d,l 


Indirect Intersegment 
I 11111111 
ImodOll 
r/ml 
46 + m 
10 
a,c,d,l 


Via Cell Gate to Same Privilege Level 
68+m 
14 
a,c,d,l 


Via Call Gate to Different Privilege Level, 


(No Parameters) 
102 + m 
14 
a,c,d,l 


Via Call Gate to Different Privilege Level, 


(x Parameters) 
110+8x+m 
14 + 4x 
a,c,d,l 


From 386 Task to 386 TSS 
399 
130 
a,c,d,l 


JMP = Unconditional 
Jump 


Short 
I 
11101011 
la-bit displacement I 
7 + m 
I 


Direct within Segment 
I 11101001 
I full 'displacement 
7 + m 
I 


Register/Memory 
Indirect within Segment I 11111111 
Imodl00 
r/ml 
9 + m/14 
+ m 
2/4 
a,l 


Direct Intersegment 
I 11101010 
I unsigned full offse~ selector 
37 + m 
5 
c,d,l 


Via Cell Gate to Same Privilege Level 
53 + m 
9 
a,c,d,l 


From 366 Task to 386 TSS 
395 
124 
a,c,d,l 


Indirect Intersegment 
I 11111111 
I mod 1 01 
r/ml 
37 + m 
9 
a,c,d,l 


Via Call Gate to Same Privilege Level 
59 + m 
13 
a,c,d,l 
From 386 Task to 386 TSS 
401 
124 
a,c,d,l 
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Table 8.1. 80376 Instruction Set Clock Count Summary (Continued) 


Clock 
Number 
Instructlo'l 
Format 
Count. 
01 Data 
Not ••• 
Cycle. 


CONTROL TRANSFER 
(Continued) 


RET ~ Return Irom CALL: 


, 


Within Segment 
1 
tl0000ll 
1 
12 + m 
2 
a,j,p 
, 


1 
1 
1 
Within Segment Adding Immediate to SP 
11000010 
16·bit displ 
12 + m 
2 
a,j,p 


Intersegment 
1 
11001011 
1 
36 + m 
4 
a,c,d,j,p 


IntJrsegment 
Adding Immediate to SP 
1 
11001010 
1 
16·bit displ 
1 
36 + m 
4 
a,c,d,j,p 


to Different Privilege Level 


Intersegment 
'80 
4 
c,d,j,p 
Intersegment 
Adding Immediate to SP 
80 
4 
c,d,l,p 


CONDITIONAL 
JUMPS 


NOTE: Times Are Jump "Taken or Not Taken" 


JO ~ Jump on Overflow 


8·Bit Displacement 
1 
01110000 
1 
8·bitdispl 
1 
7+mor3 
-;: 
j 


Full Displacement 
1 
00001111 
1 
10000000 
I full displacement 
7 + mor3 
j 


JNO ~ Jump on Not Overflow 


8·Bit Displacement 
1 
01110001 
1 
8-bildispl 
'I 
7 + mor3 
j 
,- 


Full Displacement 
1 
00001111 
1 
1 0 0 0 0 0 0 1 ,I full displacement 
7 + mor3 
j 


JB/JNAE 
~ Jump on Below/Not 
Above 
or Equal 


a-Bit Displacement 
I 
01110010 
I 
8·bit displ 
I 
7 + mor3 
j 


Full Displacement 
I 
00001111 
I 
1 0 0 0 0 0 1 0 I full displacement 
7 + mor3 
j 
, 


JNB/JAE 
~ Jump on Not Below/Aboveor 
Equal 


a-Bit Displacement 
1 
01110011 
I 
8·bitdispl 
I 
7 + mor3 
j 


Full Displacement 
1 
00001111 
I 
10000011 
Ifull displacement 
7 + m or3 
j 


JE/JZ 
~ Jump on Equal/Zero 


a-Bit Displacement 
1 
01110100 
I 
8·bitdispl 
I 
7 + mor3 
j 


Full Displacement 
1 
00001111 
I 
10000100 
I full displacement 
7+mor3 
j 


JNE/JNZ 
~ Jump on Not Equal/Not 
Zero 


e-sn Displacement 
1 
01110101 
I 
8·bit displ 
I 
7 + mor3 
j 


Full Displacement 
1 
00001111 
I 
10000101 
I full displacement 
7 + mor3 
j 


JBE/JNA 
~ Jump on Below or Equal/Not 
Above 


8-Bit Displacement 
1 
01110110 
I 
8·bitdispl 
I 
7 + mor3 
j 


Full Displacement 
1 
00001111 
I 
10000110 
I full displacement 
'7+mor3' 
j 


JNBEI JA ~ Jump on Not Below or Equal/ Above 


8·Bit Displacement 
1 
01110111 
I 
8·bitdispl 
I 
7 + mor3 
j 


Full Displacement 
1 
00001111 
I 
10000111 
I full displacement 
7 + mor3 
j 


JS ~ Jump on Sign 


8-Bit Displacement 
1 
01111000 
I 
8-bit displ 
I 
7 + mor3 
j 


Full Displacement 
1 
00001111 
I 
10001000 
I full displacement 
7+mor3 
j 
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Table 8,1, 80376 Instruction Set Clock Count Summary (Continued) 


Clock 
Number 
Instruction 
Format 
Count. 
01 Oats 
Not •• 
Cycle. 


CONDITIONAL 
JUMPS 
(Continued) 


JNS ~ Jump on Not SIgn 


8-Brt Displacement 
I Ot 111 
001 I 
8-bitdispl 
, 
7+mor3 
j 


Full Displacement 
I 
00001111 
I 
10001001 
, full displacement 
7 + mor3 
j -.- 


JP/JPE 
~ Jump on Partty/Partty 
Even 


8-Brt Displacement 
I 
01111010 
I 
8-bitdispl 
, 
7+mor3 
j 


Full Displacement 
I 00001111 
I 
10001010 
I full displacement 
7 + mor3 
j 


JNP/JPO 
~ Jump on Not Partty/Parlty 
Odd 


8-Bit Displacement 
I 
01111011 
I 
8-bitdispl 
, 
7+mor3 
j 
I 
00001111 
,I 
, full displacement 
I' 
, 
,-' 


Full Displacement 
10001011 
7+mor3 
j 


JL/JNGE 
~ Jump on Le •• /Not 
Greater 
or Equal 


8-Bit Displacement 
I 
01111100 
I 
8-bitdispl 
, 
7+mor3 
j 
, 


I 
I 
I full displacement 
I-- 


Full Displacement 
00001111 
10001100 
7 + m or a 
j 


_,,~ I"c 
-. 


JNL/ JGE ~ Jump on Not Le•• /Greater 
or Equal 
. 


8-Bit Displacement 
I 
01111101 
I 
8-bitdispl 
, 
7 + mor3 
j 
I 
I 
I full displacement 
I' 
Full Displacement 
00001111 
10001101 
7 + m or a 
j 


JLE/JNG 
~ Jump on Le•• or Equal/Not 
Greater 


" 
8-Bit Displacement 
I 
01111110 
I 
8-bitdispl 
, 
7 + mor3 
j 


Full Displacement 
I 
00001111 
I 
10001110 
, full displacement 
7 + mor3 
j 


JNLE/ JG ~ Jump on Not Le •• or Equal/Greater 


8-Brt Displacement 
I 
01111111 
I 
8-bitdispl 
, 
7+mor3 
j 
-- 


Full Displacement 
I 
00001111 
I 
10001111 
I full displacement 
7 + m or a 
j 


JECXZ 
~ Jump on ECX Zero 
I 
11100011 
I 
8-bitdispl 
, 
9 + morS 
, 
j - 


(Address Size Prefix Diff?rentiates 
JCXZ from JECXZ) 


LOOP = Loop ECX TIme. 
I 
1 t 1 00010 
I 
8-bitdispl 
, 
l1+m 
- 
, 
j 
, 


;- 


LOOPZlLOOPE 
= Loop with 
I 
I 
, 
Zero/Equal 
11100001 
8-bitdispl 
11 + m 
- 
j 


LOOPNZ/LOOPNE 
= Loop While 
Not Zero 
I 
11100000 
I 
8-bit displ 
, 
11 + m 
j 


CONDITIONAL 
BYTE SET 


NOTE: Times Are Register/Memory 


SETO = Set Byte on Overflow 


To Register/Memory 
I 
00001111 
I 
10010000 
I modOOO 
rIm' 
4/5' 
0/1' 
a 


SETNO = Set Byte on Not Overflow 


To Register/Memory 
I 
00001111 
I 
10010001 
I modOOO 
r/m' 
4/5' 
0/1' 
a 


SETB/SETNAE 
= Set Byte on Below/Not 
Above 
or Equal 


To Register/Memory 
I 
00001111 
I 
10010010 
I modOOO 
r/m' 
4/5' 
0/1' 
a 
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Table 8.1. 80376 InstructIon 
Set Clock Count Summary 
(Continued) 


Clock 
Number 
lnatructlon 
Format 
Counla 
olDala 
Note. 
Cycles 


CONDITIONAL 
BYTE SET (Continued) 


SETNB ~ Set Byte on Not Below/ Above or Equal 


To RegisterlMemory 
I 
00001111 
I 
10010011 
I modOOO 
rim I 
4/5' 
Oil' 
a 


SETE/SETZ 
~ Set Byte on Equal/Zero 


To RegisterlMemory 
I 00001111 
I 
10010100 
I modOOO 
rim I 
4/5' 
Oil' 
a 


SETNE/SETNZ 
~ Set Byte on Not Equal/Not 
Zero 


To RegisterlMemory I 00001111 
I 
10010101 
I modOOO 
rim I 
4/5' 
Oil' 
a 


SETBE/SETNA 
~ Set Byte on Below or Equal/Not 
Above 
<. 


To RegisterlMemory I 00001111 
I 
10010110 
I modOOO 
rim I 
4/5' 
Oil' 
a 


SETNBE/SETA 
~ Set Byte on Not Below or Equall Above 


To RegisterlMemory I 
00001111 
I 
10010111 
I modOOO 
rim I 
4/5' 
\ 
Oil' 
a 


SETS ~ Set Byte on SllIn 
~ 


To Register/Memory 
I 
00001111 
I 
10011000 
I modOOO 
rim I 
4/5' 
Oil' 
a 


\ 


SETNS ~ Set Byte on Not SllIn 


To Register IMemory 
I 00001111 
I 
10011001 
I modOOO 
rim I 
4/5' 
Oil' 
a 


SETP/SETPE 
~ Set Byte on Parity/Parity 
Even 


To RegisterlMemory 
I 
00001111 
I 
10011010 
I modOOO 
rim I 
4/5' 
Oil' 
a 


SETNP/SETPO 
~ Set Byte on Not Parlty/Parlty 
0cId 


To RegisterlMemory I 00001111 
I 
10011011 
I modOOO 
rim I 
4/5' 
Oil' 
a 


SETLlSETNGE 
~ Set Byte on Le•• /Not Gre.ter 
or Equal 


To RegisterlMemory I 00001111 
I 
10011100 
I modOOO 
rim I 
4/5' 
Oil' 
a 


SETNLlSETGE 
~ Set Byte on Not L••• /Graater 
or Equal 


To RegisterlMemory I 00001111 
I 01111101 
I modOOO 
r/ml 
4/5' 
Oil' 
a 


SETLE/SETNG 
- 
Set Byta on Le•• or Equal/Not 
Graatar 
c 


To RegisterlMemory I 00001111 
I 
10011110 
I modOOO 
r/ml 
4/5' 
Oil' 
a 


SETNLE/SETG 
- 
Set Byta on Not Lna 
or Equal/Graater 


To ReglsterlMemory I 00001111 
I 
10011111 
I modOOO 
r/ml 
4/5' 
Oil' 
a 


ENTER ~ Enter Procedura 
I 
11001000 
I 16-bit displacement, B·bit level 
I 


L-O 
10 
a 
L~ 
1 
14 
1 
a 
L> 
1 
17 +B(n - 
1) 
4(n -1) 
a 


LEAVE ~ Leave Procedura 
I 
11001001 
I 
6 
a 
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Table 8.1. 80376 Instruction Set Clock' Count Summary (Continued) 


Clock 
Number 
IlIIItructton 
Form.t 
Count. 
olOall 
Not •• 


Cycl •• 


INTERRUPT 
INSTRUCTIONS 


INT - 
Interrupt: 


Type Specified 
I 
11001101 
I 
type 
1 
- 


Via Interrupt or Trap Gate 


to same Privilege Level 
11 
14 
c,d,l,p 


Via Interrupt or Trap Gate 


to DIfferent Privilege Level 
111 
14 
c,d,l,p 
. 


From 388 Task to 388 TSS via Task Gate 
461 
140 
c.d.i.p 


Type 3 
I 
11001100 
'1 


Via Interrupt or Trap Gate 


to Same Privilege Level 
, 
11 
14 
c,d,l,p 
Via Interrupt or Trap Gate 


to Different Privilege Level 
111 
14 
c,d,l,p 


From 388 TaSk to 386 TSS via Task Gate 
308 
138 
c,d,l,p 


INTO - 
Interrupt 
4 If Ov.rflow 
Fllg 
sat I 
11001110 
1 


If OF = 1: 
3 
If OF - 
0 


Via Interrupt or Trap Gate 


to same Privilege Level 
11 
14 
c,d,l,p 


Via Interrupt or Trap Gate 


to Different Privilege Level 
111 
14 
c,d,J,p 


From 386 Task to 388 TSS via Task Gate 
I' 
413 
138 
c.d.i.p 
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Table 8.1. 80376 Instruction 
Set Clock Count Summary (Continued) 


Clock 
Number 


In.tructlon 
Formot 
Counto 
0I0lto 
Nol •• 
Cycle. 


INTERRUPT 
INSTRUCTIONS 
(Continued) 


Bound 
- 
Out 01 Rlnge 
I 
Otl000l0 
I 
modreg 
rim I 
Interrupt 
5 I1Detect 
Value 


IllnRlnge 
10 
0 
a,c,d,l,o,p 


I1Out 01 Range: 


Via Interrupt or Trap Gate 


to Same Privilege Level . 
71 
14 
c,d,l,p 


Via Interrupt or Trap Gate 


to Different Privilege Level 
111 
14 
c,d,l,p 


- 


From 386 Task to 386 TSS via Task Gate 
398 
138 
c,d,l,p 


INTERRUPT 
RETURN 


IRET - 
Interrupt 
Return 
I 
11001111 
I 


, 


To the Same Privilege Level (within Task) 
42 
5 
a,c,d,l,p 
To Different Privilege Level (within Task) 
86 
5 
a,c,d,l,p 


From 386 Task to 386 TSS 
328 
138 
c,d,l,p 


PROCESSOR CONTROL 


HLT - 
HALT 
I 
11110100 
I 
5 
b 


MOV - 
Move to and Irom ControllDebu 
ITeat 
Reglater. 
, 


CRO 
from register 
00001111 
00100010 
11 """reg 
10 
b 


Register from CRO 
00001111 
00100000 
11 """reg 
6 
b 


DRO-3 from Register 
00001111 
00100011 
11 eeereg 
22 
b 


DR6-7 
from Register 
00001111 
00100011 
11 """reg 
16 
b 


Register from DR6-7 
00001111 
00100001 
11 """reg 
14 
b 


Register from DRO-3 
00001111 
00100001 
11 eeereg 
22 
b 


NOP - 
No Operation 
I 
10010000 
3 


WAIT- 
Welt until Jrofi Pin la Negated 
I 
10011011 
6 
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Table 8.1. 80376 Instruction Set Clock Count Summary (Continued) 


Clock 
Number 
In.tructlon 
Format 
Counta 
oID.Ia 
Not •• 
Cycl •• 


PROCESSOR EXTENSION INSTRUCTIONS 


Processor Extension Escape 
I 11011TTT 
I modLLL 
rim I 
See 80387SX Data Sheet 
a 


TTT and LLL bits are opcode 


information for coprocessor, 
, 


PREFIX BYTES 


Addre •• Size Preltx 
I 01100111 
I 
0 


LOCK - 
Bua Lock Prefix 
I 
11110000 
I 
0 
I 
I 
I 


,_. 


Operand SIze Prefix 
01100110 
0 


Segment Override Preftx 


CS: 
I 00101110 
0 


DS: 
I 
00111110 
0 


ES:' 
I 00100110 
I' 
0 


FS: 
I 01100100 
0 


GS: 
I 01100101 
0 
I 


, 


SS: 
00110110 
O· 


PROTECTION CONTROL 


ARPL = AdJuat Requested Prlvl,- 
Level 


From RegisterlMemory 
I 01100011 
I modreg 
rim I 
20/21" 
2" 
a 


LAR~ 
Load Acce •• Rlghta 


From Register/Memory 
I 00001111 
I 
00000010 
I modreg 
r/ml 
17/18' 
I' 
a,c,i,p 


LGDT = Loed Globaf Deacrtptor 


Table Register 
I 00001111 
I 
00000001 
ImodOl0 
r/ml 
13" 
3' 
a,e 


LIDT= 
Load Interrupt 
Deacrtptor 


Table Register 
I 
00001111 
I 
00000001 
I modOll 
r/ml 
13·· 
3' 
a,e 


LlOT 
= Loed Local Deacrtptor 


Ta~e Regtster to 
RegisterlMemory 
I 00001111 
I 
00000000 
ImodOl0 
r/ml 
24/28' 
5' 
a,c,e,p 


LMSW =Load Machine SIatua Word 


From Register/Memory 
I 
00001111 
I 
00000001 
I mod 11 0 
rim I 
10/13' 
I' 
a,e 


LSL = 
Loed Segment Umlt 


From Register/Memory 
I 
00001111 
I 
00000011 
I modreg 
rim I 


Byte-Granular 
Limit 
24/27' 
2' 
8,c,i,p 
Page-Granular Limit 
29/32' 
2' 
a,c,l,p 


LTR = 
Loed Taak Reglater 


From Register/Memory 
I 
00001111 
I 
00000000 
ImodOOl 
rim I 
27131' 
4' 
a,c,e,p 
. 


SGDT = Store Globel Deacrtptor 


Table Register 
I 
00001111 
I 
00000001 
I modOOO 
rim I 
11' 
3' 
a 


SIDT = 
Store Interrupt 
Deacrtptor 


Table Register 
I 00001111 
I 
00000001 
ImodOOl 
rim I 
11' 
3' 
a 


SlOT 
= Store Local Deacrtptor Tabfe Reglater 


To Register/Memory 
I 00001111 
I 
00000000 
I modOOO 
rim I 
2/2' 
4' 
a 
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Table 8.1. 80376 Instruction Set Clock Count Summary (Continued) 


Clock 
Number 
In.tructlon 
Format 
Count. 
olD.1a 
NotH 
Cye'" 


PROTECTION CONTROL (Continued) 
I 


SMSW = Sto •• Machine 
Statu. 
Word 
I 
00001111 
I 
00000001 
Imod100 
rim 
I 
2/2' 
l' 
a.e 


STR = 
Sto •• Taak Regl.ter 


To Register!Memory 
I 
00001111 
I 
00000000 
I mod001 
rim I 
2/2' 
l' 
a 


VERR = 
Verity Read Acce ••• 


RegisterlMemory 
I 
00001111 
I 
00000000 
Imod100 
rim I 
10/11" 
2" 
a,c,i,p 


VERW = Verity Write Acceaal 
I 
00001111 
I 
00000000 
I mod 1 0 1 
rim I 
15/16" 
2" 
a,c,i,p 


NOTES: 
a. Exception 
13 fault 
(general 
violation) 
will occur 
if the memory 
operand 
in CS, DS, ES, FS or GS cannot 
be used due to 
either 
a segment 
limit violation 
or access 
rights violation. 
If a stack 
limit is violated, 
and exception 
12 (stack 
segment 
limit 
violation 
or not present) 
occurs. 
' 


b. For segment 
load operations, 
the CPL, RPL and DPL must agree 
with the privilege 
rules to avoid 
an exception 
13 fault 
(general 
protection 
violation). 
The segments's 
descriptor 
must indicate 
"present" 
or exception 
11 (CS, DS, ES, FS, GS not 
present). 
If the SS register 
is loaded 
and a stack 
segment 
not present 
is detected, 
an exception 
12 (stack 
segment 
limit 
violation 
or not present 
occurs). 


c. All segment 
descriptor 
accesses 
in the GDT or LDT made 
by this instruction 
will automatically 
assert LOCK to maintain 
descriptor 
integrity 
in multiprocessor 
systems. 
. 


d. JMP, 
CALL, 
INT, 
RET 
and 
IRET 
instructions 
referring 
to another 
code 
segment 
will 
cause 
an exception 
13 (general 
protection 
violation) 
if an applicable 
privilege 
rule is volated. 


e. An exception 
13 fault occurs 
if CPL is greater 
than O. 


f. An exception 
13 fault occurs 
if CPL is greater 
than 
IOPL. 


g. The IF bit of the flag register 
is not updated 
if CPL is greater 
than IOPL. The IOPL field of the flag register 
is updated 
only 


if CPL = O. 
h. Any violation 
of privelege 
rules as applied 
to the selector 
operand 
does not cause 
a protection 
exception; 
rather, 
the zero 
flag is cleared. 
i. If the coprocessor's 
memory 
operand 
violates 
a segment 
limit or segment 
access 
rights, 
an exception 
13 fault 
(general 
protection 
exception) 
will occur 
before 
the ESC instruction 
is executed. 
An exception 
12 fault (stack 
segment 
limit violation 
or no present) 
will occur if the stack 
limit is violated 
by the operand's 
starting 
address. 


j. The destination 
of a JMP, CALL, 
INT, RET or IRET must be in the defined 
limit of a code segment 
or an exception 
13 fault 
(general 
protection 
violation) 
will occur. 


k. If CPL s 
IOPL 
I. If CPL > IOPL 
m. LOCK is automatically 
asserted, 
regardless 
of the presence 
or absence 
of the LOCK prefix. 


n. The 80376 
uses an early-out 
multiply 
algorithm. 
The actual 
number 
of clocks 
depends 
on the position 
of the most signifi- 


cant bit in the operand 
(multiplier). 
Clock 
counts 
given are minimum 
to maximum. 
To calculate 
actual 
clocks 
use the follow- 
ing formula: 
Actual 
Clock 
= if m < > 0 then max ([Iog2 lmll, 3) + 9 clocks: 
if m = 0 then 
12 clocks 
(where 
m is the multiplier) 
o. An exception 
may occur, 
depending 
on the value of the operand. 


p. LOCK is asserted 
during descriptor 
table accesses. 
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8.2 
INSTRUCTION 
ENCODING 


Overview 


All instruction 
encodings 
are subsets 
of the general 
instruction 
format 
shown 
in Figure 
8.1. Instructions 
consist of one or two primary opcode 
bytes, possibly 
an address 
specifier 
consisting 
of the 
"mod 
rim" 


byte and "scaled 
index" 
byte, a displacement 
if re- 


quired, and an immediate 
data field if required. 


Within 
the primary 
opcode 
or opcodes, 
smaller 
en- 
coding 
fields 
may be defined. 
These 
fields vary ac- 
cording 
to the class of operation. 
The fields 
define 
such information 
as direction 
of the operation, 
size 
of the displacements, 
register 
encoding, 
or-siqn 
ex- 


tension. 


Almost 
all 
instructions 
referring 
to 
an operand 
in 
memory 
have 
an addressing 
mode 
byte 
following 
the primary 
opcode 
byte(s). This byte, the mod rim 
byte, specifies 
the address 
mode to be used. Certain 


encodings 
of the mod rim 
byte indicate 
a second 
addressing 
byte, the scale-index-base 
byte, follows 
the 
mod rim 
byte 
to fully 
specify 
the 
addressing 
mode. 


Addressing 
modes 
can include 
a displacement 
im- 
mediately 
following 
the mod rim byte, or scaled 
in- 
dex byte. If a displacement 
is present, 
the possible 
sizes are 8, 16 or 32 bits. 


If the 
instruction 
specifies 
an immediate 
operand, 


the 
immediate 
operand 
follows 
any 
displacement 
bytes. The immediate 
operand, 
if specified, 
is always 
the last field of the instruction. 


Figure 
8.1 illustrates 
several 
of the fields 
that 
can 
appear 
in an instruction, 
such as the mod field and 
the rim field, but the Figure does not show all fields. 
Several 
smaller fields also appear 
in certain 
instruc- 


tions, 
sometimes 
within 
the 
opcode 
bytes 
them- 
selves. 
Table 
8.2 is a complete 
list of all fields 
ap- 


pearing 
in the 80376 
instruction 
set. Further 
ahead, 


following 
Table 
8.2, 
are 
detailed 
tables 
for 
each 
field. 


IT T T T T T T TIT 
T T T T T T T I mod T T T rim I ss index base Id32 116 18 1none data32 116 18 1none 


\.__ 
7 
0v-7 
-'0)\ 7 6 5 3 2 °)\ 7 6 5 3 2 °J\ 
) 
\.. 
•....----r----) 
- 
T 
T 
'-----.,.---'- 


opcode 
(one or two bytes) 
(T represents 
an 
opcode 
bit.) 


"mod rim" 
byte 
byte 
\..'- 
~ __-----J) 


immediate 
data 
(4, 2, 1 bytes 
or none) 
register and address 
mode specifier 


"s-i-b" \. 
address 
displacement 
(4, 2, 1 bytes 
or none) 


Figure 8.1. General 
Instruction 
Format 


Table 8.2. Fields within 80376 Instructions 


Field Name 
Description 
Number of Bits 


w 
Specifies 
if Data is Byte or Full Size (Full Size is either 16 or 32 Bits 
1 
d 
Specifies 
Direction 
of Data Operation 
1 
s 
Specifies 
if an Immediate 
Data Field Must be Sign-Extended 
1 
reg 
General Register 
Specifier 
3 
mod rim 
Address 
Mode Specifier 
(Effective 
Address 
can be a General Register) 
2 for mod; 
3 for rim 
ss 
Scale Factor for Scaled Index Address 
Mode 
2 
index 
General Register to be used as Index Register 
3 
base 
General Register to be used as Base Register 
3 
sreg2 
Segment 
Register Specifier 
for CS, SS, DS, ES 
2 
sreg3 
Segment 
Register Specifier 
for CS, SS, DS, ES, FS, GS 
3 
mn 
For Conditional 
Instructions, 
Specifies 
a Condition 
Asserted 
or a Condition 
Negated 
4 
. . 
Note: 
Table 
8.1 shows 
encoding 
of individual 
instrucnons 
. 
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16-Bit Extensions of the 
Instruction Set 


Two prefixes, the operand size prefix (66H) and the 
effective address size prefix (67H), allow overriding- 
individually the default selection of operand size and 
effective address size. These prefixes may precede 
any opcode bytes and affect only the instruction 
they precede. If necessary, one or both of the prefix- 
es may be placed before the opcode bytes. The 
presence of the operand size prefix (66H) and the 
effective address prefix will allow 16-bit data opera- 
tion and 16-bit effective address calculations. 


For instructions with more than one prefix, the order 
of prefixes is unimportant. 


Unless specified otherwise, instructions with 8-bit 
and 1.6-bitoperands do not affect the contents of 
the high-order bits of the extended registers. 


Encoding of Instruction Fields 


Within the instruction are several fields indicating 
register selection, addressing mode and so on. 


ENCODING OF OPERAND LENGTH (w) FIELD 


For any given instruction performing ,a data opera- 
tion, the instruction will execute as a 32-bit opera- 
tion. Within the constraints of the operation size, the 
w field encodes the operand size as either one byte 
or the full operation size, as shown in the table be- 
low. 


wFleld 
Operand Size 
Normal 
with 66H Prefix 
Operand Size 


0 
8 Bits 
8 Bits 
1 
16 Bits 
32 Bits 


ENCODING OF THE GENERAL 
REGISTER (reg) FIELD 


The general register is specified by the reg field, 
which may appear in the primary opcode bytes, or as 
the reg field of the "mod rim" byte, or as the rim 
field of the "mod rim" byte. 


Encoding of reg Field When w Field 
Is not Present In Instruction 


Register Selected 
Register Selected 
reg Field 
During 32-Blt 
with 66H Prefix 
Data Operations 


000 
AX 
EAX 
001 
CX 
ECX 
010 
DX 
EDX 
011 
BX 
EBX 
100 
SP 
ESP 
101 
BP 
EBP 
110 
SI 
ESI 
111 
01 
EDI 


Encoding of reg Field When w Field 
Is Present In Instruction 


Register Specified by reg Field 
with 66H Prefix 


Function of w Field 
reg 
(whenw 
= 0) 
(whenw 
= 1) 


000 
AL 
AX 
001 
CL 
CX 
010 


I 
DL 
DX 
011 
BL 
BX 
100 
AH 
SP 
101 
CH 
I' 
BP 
110 
DH 
SI 
111 
BH 


" 
DI 


Register Specified by reg Field 
without 66H Prefix 


Function of w Field 
reg 
(whenw 
= 0) 
(when w = 1) 


000 
AL 
EAX 
001 
CL 
ECX 
010 
OL 
EDX 
011 
BL 
EBX 
100 
AH 
ESP 
101 
CH 
EBP 
110 
DH 
ESI 
111 
BH 
EOI 
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ENCODING 
OF THE SEGMENT 
REGISTER 
(sreg) 
FIELD 


The sreg field 
in certain 
instructions 
is a 2-bit field 
allowing 
one of the CS, OS, ES or SS segment 
regis- 
ters to be specified. 
The sreg field in other 
instruc- 
tions is a 3-bit field, allowing the FS and GS segment 
registers 
to be specified 
also. 


z-sn sreg2 Field 


2-Blt 
Segment 


sreg2 Field 
Register 
Selected 


00 
ES 
01 
CS 
10 
SS 
11 
( , 
OS 


3-Blt sreg3 Field 


3-Blt 
Segment 


sreg3 Field 
Register 
Selected 


000 
ES 
001 
- 


CS 
010 
SS 


I 
011 
OS 


i 


I 
100 
.11 
FS 


; 
101 
GS 


I 
110 
do not use 
111 
do not use 
• 


ENCODING 
OF ADDRESS 
MODE 


Except 
for 
special 
instructions, 
such 
as PUSH 
or 
POP, where the addressing 
mode is pre-determined, 
the addressing 
mode 
for the 
current 
instruction 
is 
specified 
by addressing 
bytes following 
the primary 
opcode. 
The 
primary 
addressing 
byte 
is the 
"mod 
rim" byte, and a second byte of addressing 
informa- 
tion, 
the 
"s-i-b" 
(scale-index-base) 
byte, 
can 
be 
specified. 


The 
s-i-b byte 
(scale-index-base 
byte) 
is specified 
when 
using 32-bit 
addressing 
mode 
and the 
"mod 
rim" byte has rim = 100 and mod = 00,01 
or 10. 


When the sib byte is present, 
the 32-bit addressing 
mode is a function 
of the mod, ss, index, and base 
fields. 


The primary 
addressing 
byte, the "mod 
rim" 
byte, 
also contains 
three bits (shown as TTT in Figure 8.1) 
sometimes 
used as an extension 
of the primary 
op- 
code. The three bits, however, 
may also be used as 
a register 
field (reg). 


When calculating 
an effective 
address, 
either 
16-bit 
addressing 
or 32-bit 
addressing 
is used. 
16-bit ad- 
dressing 
uses 16-bit address 
components 
to calcu- 
late the 
effective 
address 
while 
32-bit 
addressing 
uses 32-bit address 
components 
to calculate 
the ef- 
fective 
address. 
When 16-bit addressing 
is used, the 
"mod rim" byte is interpreted 
as a 16-bit addressing 
mode specifier. 
When 32-bit addressing 
is used, the 
"mod rim" byte is interpreted 
as a 32-bit addressing 
mode specifier. 


Tables 
on the following 
three 
pages 
define 
all en- 
codings 
of all 16-bit 
addressing 
modes 
and 32-bit 
addressing 
modes. 
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Encoding of Normal Address Mode with "mod rIm" byte (no "s-I-b" byte present): 


mod rIm 
Effective Address 


00000 
OS:[EAX] 
00001 
OS:[ECX] 
00010 
OS:[EOX] 
00011 
OS:[EBX] 
00100 
s-i-b is present 
00101 
OS:d32 
00110 
OS:[ESI] 
00111 
OS:[EOI] 
, 


01000 
OS:[EAX+d8] 
t: 
01001 
OS:[ECX+ d8] 
01010 
OS:[EOX+d8] 
01011 
OS:[EBX+d8] 


-, 
01100 
-, 
s-i-b is present 
- 


01101 
SS:[EBP+d8] 
01110 
OS:[ESI+d8] 
01 111 
OS:[EOI+d8] 


mod rIm 
Effective Address 


10000 
OS:[EAX+ d32] 
10001 
OS:[ECX+ d32] 
10010 
OS:[EOX+ d32] 
10011 
OS:[EBX+ d32] 
10100 
1-; 
s-i-b is present 
10101 
SS:[EBP+ d32] 
10110 
OS:[ESI+ d32] 
10 111 
OS:[EOI+ d32] 


11000 
register-see 
below 
11001 
register-see 
below 
11010 
register-see 
below 
11 011 
register-see 
below 
11100 
register-see 
below 
11 101 
register-see 
below 
11 110 
register-see 
below 
11 111 
register-see 
below 


Register Specified by reg or rIm 
during Normal Data Operations: 


mod rIm 
function of w field 


(whenw=O) 
(whenw=1) 


11000 
AL 
EAX 
11001 
CL 
ECX 
11010 
OL 
EOX 
11 011 
BL 
EBX 
11100 
AH 
ESP 
11 101 
CH 
EBP 
11 110 
OH 
ESI 
11 111 
BH 
EOI 


Register Specified by reg or rIm 
during 16-81tData Operations: (66H Prefix) 


mod rIm 
function of w field 


(whenw=O) 
(whenw=1) 


11000 
AL 
AX 
11001 
CL 
CX 
11010 
OL 
OX 
11 011 
BL 
BX 
11 100 
AH 
SP 
11 101 
CH 
BP 
11 110 
OH 
SI 
11 111 
BH 
01 
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Encoding of 16·blt Address Mode with "mod rIm" Byte Using 67H Prefix 


mod rIm 
Effective Address 


00000 
OS:[BX+SI) 
00001 
OS:[BX+OI] 
00010 
SS:[BP+SI) 
00011 
SS:[BP+OI) 
00100 
OS:[SI) 
00101 
OS:[OI) 
00110 
OS:d16 
00111 
OS:[BX] 


01000 
OS:[BX+ SI+ d8] 
01001 
OS:[BX+ 01+ d8] 
01010 
SS:[BP+ SI+ d8] 
01011 
SS:[BP+ 01+ d8] 
01 100 
OS:[SI+d8] 
, 


01 101 
OS:[01+d8] 
01110 
SS:[BP+d8] 
01 111 
OS:[BX+d8] 


mod rIm 
Effective Address 


10000 
OS:[BX+SI+d16] 
10001 
DS:[BX+01+d16] 
100,10 
SS:[BP+SI+d16] 
10011 
SS:[BP+ 01+d16] 
10100 
r 
OS:[SI+d16] 
10101 
OS:[01+d16] 
10110 
. 
SS:[BP+ d16] 
10'111 
- 
OS:[BX+ d16] 


11000 
register-see 
below 
11 001 
register-see 
below 
11 010 
register-see 
below 
11 011 
register-see 
below 
11 100 
register-see 
below 
11 101 
_It. 
register-see 
below 
1,111,0 
register-see 
below 
11 111 
register-see 
below 
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Encoding 
of 32-blt 
Address 
Mode ("mod 
rIm" 
byte and "s-I-b" 
byte 
present): 


mod base 
Effective 
Addres.s 


00000 
OS: [EAX + (scaled index)] 
00001 
OS: [ECX + (scaled index)] 
00010 
OS: [tOX + (scaled index)] 
00011 
OS: [ESX + (scaled index)] 
00100 
SS: [ESP + (scaled index)] 
00101 
OS: [d32 + (scaled index)] 
00110 
OS: [ESI + (scaled index)] 
00111 
OS: [EOI + (scaled index)J 


01000 
OS: [EAX + (scaled index) + dB] 
01001 
OS: [ECX + (scaled index) + dB] 
01010 
OS: [EOX + (scaled index) + dB] 
01011 
OS: [ESX + (scaled index) + dB] 
01100 
SS: [ESP + (scaled index) + dB] 
01101 
SS: [ESP + (scaled index) + dB] 
01110 
OS: [ESI + (scaled index) + dB] 
01 111 
OS:[EOI + (scaled index) + dB] 


10000 
OS: [EAX + (scaled index) + d32] 
10001 
OS: [ECX + (scaled index) + d32] 
10010 
OS: [EOX + (scaled index) + d32] 


10011 
OS: [ESX + (scaled index) + d32] 
10100 
SS: [ESP + (scaled index) + d32] 
10101 
SS: [ESP + (scaled index) + d32] 
10110 
OS: [ESI + (scaled index) + d32] 
10111 
OS: [EOI + (scaled index) + d32] 


NOTE: 
Mod field in "mod rIm" 
byte; ss, index, base fields in 


"s-i-b" byte. 


ss 
Scale Factor 


00 
x1 
01 
x2 
10 
x4 
11 
xB 


Index 
Index 
Register 


000 
EAX 
001 
ECX 
010 
EOX 
011 
ESX 
100 
no index reg> > 
101 
ESP 
110 
.' 
ESI 
111 
EOI 


"IMPORTANT 
NOTE: 
When index field is lOO,indicating "no index register," then 
ss field MUST equal 00. If index is 100 and ss does not 
equal 00, the effective address is undefined. 
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ENCODING 
OF OPERATION 
DIRECTION 
(d) FIELD 


In many two-operand 
instructions 
the d field is pres- 
ent 
to 
indicate 
which 
operand 
is considered 
the 
source 
and which 
is the destination. 


d 
Direction 
of Operation 
. 


0 
Register/Memory 
<- - Register 
"reg" 
Field Indicates 
Source Operand; 
"mod r/m" 
or "mod ss index base" 
Indicates 
Destination 
Operand 


1 
Register <- - Register/Memory 
"reg" 
Field Indicates 
Destination 
Operand; 
"mod r/m" 
or "mod ss index base" 
Indicates 
Source Operand 


ENCODING 
OF SIGN-EXTEND 
(s) FIELD 


The s field occurs 
primarily 
to instructions 
with im- 
mediate 
data fields. The s field has an effect 
only if 
the size of the immediate 
data is 8 bits and is being 
placed 
in a 16-bit or 32-bit destination 


Effect on 
Effect 
on 
s 
Immediate 
DataS 
Immediate 
Data 1613~ 


None 
None 


1 Sign-Extend 
Data8 to Fill 
None 
16-Bit or 32-Bit Destination 


ENCODING 
OF CONDITIONAL 
TEST 
(tttn) 
FIELD 


For the 
conditional 
instructions 
(conditional 
jumps 
and set on condition), 
tttn is encoded 
with n indicat- 
ing to use the condition 
(n = 0) or its negation 
(n = 1), 
and m giving the condition 
to test. 


Mnemonic 
Condition 
~l 
tttn 
0 
Overflow 
0000 
NO 
No Overflow 
0001 
BINAE 
Below/Not 
Above or Equal 
. 
0010 


. NB/AE 
Not Below/Above 
or Equal 
0011 
E/Z 
Equal/Zero 
0100 
NEINZ 
Not Equal/Not 
Zero 
0101 
BEINA 
Below or Equal/Not 
Above 
0110 
NBE/A 
Not Below or Equal/Above 
0111 
S 
Sign. 
1000 
NS 
Not Sign 
1001 
PIPE 
Parity/Parity 
Even 
1010 
NP/PO 
Not Parity/Parity 
Odd 
1011 
LINGE 
Less ThanlNot 
Greater or Equal 
1100 
NLlGE 
Not Less Than/Greater 
or Equal 
1101 
LEING 
Less Than or Equal/Greater 
Than 
1110 
NLE/G 
Not Less or Equal/Greater 
Than 
1111 


ENCODING 
OF CONTROL 
OR DEBUG 
REGISTER 
(eee) 
FIELD 


For the loading and storing of the Control and Debug 
registers. 


When Interpreted 
as Control 
Register Flel~ 


eeeCode 
Reg Name 


000 
CRO 
010 
Reserved 
011 
Reserved 


Do not use any other encoding 
, 


When Interpreted 
as Debug Register 
Field 


eeeCode 
RegName 


000 
DRO 
001 
1 
DR1 
010 
DR2 
011 
DR3 
, 


110 
DR6 
111 
DR7 


Do not use any other encoding 
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9.0 REVISION 
HISTORY 


The sections 
significantly 
revised since version 
-003 are: 


Section 
1.0 


Section 4.4 


Section 4.6 


Section 
5.0 


Section 6.3 


Section 6.4 


AddedFCi 
pin. 


Added description 
of FLOAT operation 
and ONCE Mode. Figure 4.20 is new. 


Added 
revision 
identifier 
information 
for change 
to CHMOS 
IV manufacturing 
process. 


Both packages 
now specified 
for 0·C:"'115·C 
case temperature 
operation. 
Thermal 
resist- 
ance values changed. 
' 


lee Max. specifications 
changed 
from 400 mA (cold) and 360 mA (hot) to 275 mA (cold, 16 
MHz) and 305 mA (cold, 20 MHz). 


HlDA 
Valid Delay, t14, min. changed 
from 6 ns to 4 ns. Added 20 MHz A.C. specifications 
in 
Table 6.5. Replaced 
Capacitive 
Derating Curves in Figures 6.8-6.10 
to reflect new manufac- 
turing process. 
Replaced 
Ice vs. Frequency 
data (Figure 6.11) to reflect 
new specifications. 


The sections 
significantly 
revised 
since version 
-002 are: 


Section 
1.0 
Modified 
table 
1.1. to list pins in alphabetical 
order. 


The sections 
significantly 
revised since version 
-001 are: 


Section 
2.0 


Section 2.1 


Section 2.1 


Section 2.3 


Section 2.6 


Section 
2.8 


Section 
2.10 


Section 
3.0 


Section 
3.2 


Section 
3.2 


Section 
3.3 


Section 4.1 


Section 4.1 


Section 4.2 


Figure 2.0 was updated 
to show the 16-bit registers 
SI, 01, BP and SP. 


Figure 2.2 was updated 
to show the correct 
bit polarity 
for bit 4 in the CRO register. 


Tables 
2.1 and 2.2 were updated 
to include additional 
information 
on the EFLAGs 
and CRO 
registers. 


Figure 2.3 was updated 
to more accurately 
reflect the addressing 
mechanism 
of the 80376. 


In the subsection 
Maskable 
Interrupt 
a paragraph 
was added 
to describe 
the effect 
of 
interrupt 
gates on the IF EFLAGs 
bit. 


Table 2.7 was updated 
to reflect 
the correct 
power up condition 
of the CRO register. 


Figure 2.6 was updated 
to show the correct 
bit positions 
of the BT, BS and BD bits in the 
DR6 register. 


Figure 3.1 was updated 
to clearly 
show the address 
calculation 
process. 


The subsection 
DESCRIPTORS 
was elaborated 
upon to clearly 
define 
ttie relationship 
be- 


tween the linear address 
space and physical 
address 
space of the 80376. 


Figures 3.3 and 3.4 were updated 
to show the AVl 
bit field. 


The last sentence 
in the first paragraph 
of subsection 
PROTECTION 
AND 1/0 PERMIS- 


SION BIT MAP was deleted. 
This was an incorrect 
statement. 


In the Subsection 
ADDRESS 
BUS (BHE, BlE, 
A23-A1 
last sentence 
in the first paragraph 
was updated 
to reflect 
the numerics 
operand 
addresses 
as 8000FCH 
and 8000FEH. 
Be- 


cause the 80376 sometimes 
does a double word I/O access 
a second 
access 
to 8000FEH 
can be seen. 


The Subsection 
Hold 
Lantencles 
was updated 
to describe 
how 32-bit 
and unaligned 
ac- 
cesses 
are internally 
locked 
but do not assert the lOCK 
signal. 


Table 4.6 was updated 
to show the correct 
active data bits during a BlE 
assertion. 
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9.0 REVISION 
HISTORY 
(Continued) 
Section 4.4 
This section 
was updated 
to correctly 
reflect 
the pipelining 
of the address 
and status of the 
80376 as opposed 
to "Address 
Pipelining" 
which occurs on processors 
such as the 80286. 


Table 4.7 was updated 
to show the correct 
Revision 
number, 
OSH. 


Table 
4.8 was updated 
to show the numerics 
operand 
register 
8000FEH. 
This address 
is 
seen when the 80376 does a DWORD 
operation 
to the port address 
8000FCH. 


In the first paragraph 
the case temperatures 
were! updated 
to reflect 
the 0·C-11S·C 
for the 
ceramic 
package 
and 0·C-11 
O·C for the plastic 
package. 


Table 6.2 was updated 
to reflect the Case Temperature 
under Bias specification 
of -6S·C- 
120·C. 


Figure 6.8 vertical 
axis was updated 
to reflect 
"Output 
Valid Delay (ns)". 


Figure 6.1.1 was updated 
to show typical 
'cc vs Frequency 
for the 80376. 


The clock counts and opcodes 
for various 
instructions 
were updated 
to their correct 
values. 


The section 
INSTRUCTION 
ENCODING 
was appended 
to the data sheet. 


Section 4.6 


Section 4.7 


Section 
5.0 


Section 6.2 


Section 6.4 


Section 6.4 


Section 
8.1 


Section 8.2 


The sections 
significantly 
revised 
since version 
-002 are: 


Section 
1.0 
Modified 
table 
1.1. to list pins in alphabetical 
order. 
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82370 
INTEGRATED SYSTEM PERIPHE,RAL 
• High Performance 
32-Blt DMA 
• Programmable 
Wait State Generator 
Controller 
for 16-Blt Bus 
- 
0 to 15 Wait States 
Plpellned 
-16 
MBytes/Sec 
Maximum 
Data 
-1 
to 16 Wait States 
Non-Plpellned 
Transfer 
Rate at 16 MHz 
• DRAM Refresh 
Controller 
- 
8 Independently 
Programmable 
Channels 
• 80376 Shutdown 
Detect 
and Reset 


20-Source 
Interrupt 
Controller 
Control 
• 
- 
Software/Hardware 
Reset 
-Individually 
Programmable 
Interrupt 
Vectors 
• High Speed CHMOS 
III Technology 
-15 
External, 
5 Internal Interrupts 
• 100-Pin Plastic Quad Flat-Pack 
Package 
- 
82C59A 
Superset 
and 132-Pin Pin Grid Array Package 
• Four 16-Blt Programmable 
Interval 
(See Packaging 
Handbook 
Order 
#231369) 


Timers 
• Optimlzed 
for Use with the 80376 
- 
82C54 Compatible 
Microprocessor 
• Software 
Compatible 
to 82380 
- 
Resides 
on Local Bus for Maximum 
Bus Bandwidth 


The 
82370 
is.a 
multi-function 
support 
peripheral 
that 
integrates 
system 
functions 
necessary 
in an 80376 
environment. 
It has eight channels 
of high performance 
32-bit DMA (32-bit 
internal, 
16-bit external) 
with the 
most efficient 
transfer 
rates possible 
on the 80376 bus. System support 
peripherals 
integrated 
into the 82370 
provide 
Interrupt 
Control, 
Timers, 
Wait State generation, 
DRAM Refresh 
Control, 
and System 
Reset logic. 


The 82370's 
DMA Controller 
can transfer 
data between 
devices 
of different 
data path widths 
using a single 
channel. 
Each DMA channel 
operates 
independently 
in any of several 
modes. 
Each channel 
has a temporary 
data storage 
register 
for handling 
non-aligned 
data without 
the need for external 
alignment 
logic. 


80376 LOCAL BUS 


16 - BIT PHYSICAL 
(32 - BIT LOGICAL) 
8- 
CHANNEL 
DMA 
CONTROLLER 


TIMER 3 


290164-1 
Internal 
Block Diagram 
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Pin Descriptions 


The 82370 
provides 
all of the signals 
necessary 
to 
interface 
an 80376 host processor. 
It has a separate 
24-bit address 
and 16-bit data bus. It also has a set 
of control 
signals to support 
operation 
as a bus mas- 
ter or a bus slave. 
Several 
special 
function 
signals 


exist on the 82370 for interfacing 
the system support 
peripherals 
to their respective 
system 
counterparts. 
Following 
are the definitions 
of the individual 
pins of 
the 82370. These 
brief descriptions 
are provided 
as 
a reference. 
Each signal is further 
defined 
within the 
sections 
which describe 
the associated 
82370 func- 
tion. 


Symbol 
Type 
Name and Function 


A1-A23 
I/O 
ADDRESS 
BUS: Outputs 
physical memory or port I/O addresses. 
See 
Address 
Bus (2.2.3) for additional 
information. 


BHE# 
I/O 
BYTE ENABLES: 
Indicate which data bytes of the data bus take part in a bus 
BLE# 
cycle. See Byte Enable (2.2.4) for additional 
information. 


00-015 
I/O 
DATA BUS: This is the 16-bit data bus. These pins are active outputs during 
interrupt 
acknowledges, 
during Slave accesses, 
and when the 82370 is in the 
Master Mode. 


CLK2 
I 
PROCESSOR 
CLOCK: This pin must be connected 
to the processor's 
clock, 
CLK2. The 82370 monitors 
the phase of this clock in order to remain 
synchronized 
with the CPU. This clock drives all of the internal 
synchronous 
circuitry. 


D/C# 
I/O 
DATA/CONTROL: 
D/C# 
is used to distinguish 
between 
CPU control 
cycles 
and DMA or CPU data access cycles. It is active as an output only in the 
Master Mode. 


W/R# 
I/O 
WRITE/READ: 
W/R # is used to distinguish 
between 
write and read cycles. It 
is active as an output only in the Master Mode. 


M/IO# 
I/O 
MEMORY 110: M/IO# 
is used to distinguish 
between 
memory and 10 
accesses. 
It is active as an output only in the Master Mode. 


ADS# 
I/O 
ADDRESS 
STATUS: This signal indicates 
presence 
of a valid address on the 
address 
bus. It is active as output only in the Master Mode. ADS# 
is active 
during the first T-state where addresses 
and control 
signals are valid. 


NA# 
I 
NEXT ADDRESS: 
Asserted 
by a peripheral 
or memory to begin a pipelined 
address cycle. This pin is monitored 
only while the 82370 is in the Master 
Mode. In the Slave Mode, pipelining 
is determined 
by the current and past 
status of the ADS # and READY # signals. 


HOLD 
0 
HOLD REQUEST: This is an active-high 
signal to the Bus Master to request 
control 
of the system bus. When control 
is granted, the Bus Master activates 
the hold acknowledge 
signal (HLDA). 


HLDA 
I 
HOLD ACKNOWLEDGE: 
This input signal tells the DMA controller 
that the 
Bus Master has relinquished 
control 
of the system bus to the DMA controller. 
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Symbol 
Type 
Name and Function 


DREQ (0-3, 
5-7) 
I 
DMA REQUEST: The DMA Request 
inputs monitor requests from peripherals 
requiring DMA service. 
Each of the eight DMA channels 
has one DREQ input. 


These active-high 
inputs are internally 
synchronized 
and prioritized. 
Upon 
request, channel 0 has the highest priority and channel 
7 the lowest. 


DREQ4/IRQ9# 
I 
DMA/INTERRUPT 
REQUEST: This is the DMA request input for channel 
4. It 
is also connected 
to the interrupt 
controller 
via interrupt 
request 9. This 
internal connection 
is available for DMA channel 
4 only. The interrupt 
input is 
active low and can be programmed 
as either edge or level triggered. 
Either 
function 
can be masked by the appropriate 
mask register. 
Priorities of the 
DMA channel 
and the interrupt 
request are not related but follow the rules of 
the individual 
controllers. 


Note that this pin has a weak internal pull-up. This causes the interrupt 
request to be inactive, 
but the DMA request will be active if there is no 
external connection 
made. Most applications 
will require that either one or the 
other of these functions 
be used, but not both. For this reason, it is advised 
that DMA channel 
4 be used for transfers 
where a software 
request is more 
appropriate 
(such as memory-to-memory 
transfers). 
In such an application, 
DREQ4 can be masked by software, 
freeing IRQ9 # for other purposes. 


EOP# 
1/0 
END OF PROCESS: As an output, this signal indicates 
that the current 
Requester 
access is the last access of the currently 
operating 
DMA channel. 


It is activated 
when Terminal 
Count is reached. 
As an input, it signals the DMA 
channel to terminate 
the current buffer and proceed 
to the next buffer, if one 
is available. 
This signal may be programmed 
as an asynchronous 
or 
synchronous 
input. 


EOP# 
must be connected 
to a pull-up resistor. This will prevent erroneous 
external 
requests for termination 
of a DMA process. 
, 
r 


EDACK(0-2) 
0 
ENCODED 
DMA ACKNOWLEDGE: 
These signals contain the encoded 
acknowledgment 
of a request for DMA service by a peripheral. 
The binary 
code formed by the three signals indicates 
which channel 
is active. Cl)annel 
4. 


does not have a DMA acknowledge. 
The inactive state is indicated 
by the 
code 100. During a Requester 
access, 
EDACK presents the code for the 
active DMA channel. 
During a Target access, 
EDACK presents 
the inactive 
code 100. 


IRQ (11-23) 
# 
I 
INTERRUPT 
REQUEST: These are active low interrupt 
request inputs. The 
inputs can be programmed 
to be edge or level sensitive. 
Interrupt 
priorities 
are programmable 
as either fixed or rotating. These inputs have weak internal 
pull-up resistors. 
Unused interrupt 
request inputs should be tied inactive 
externally. 


INT 
0 
INTERRUPT 
OUT: INT Signals that an interrupt 
request is pending. 


CLKIN 
I 
TIMER CLOCK INPUT: This is the clock input signal to all of the 82370's 
programmable 
timers. It is independent 
of the system clock input (CLK2) . 


TOUT1/REF# 
0 
TIMER 
1 OUTPUT IREFRESH: 
This pin is software 
programmable 
as either 
the direct output of Timer 1, or as the indicator 
of a refresh cycle in progress. 
As REF #, this signal is active during the memory read cycle which occurs 
during refresh. 
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Symbol 
Type 
Name and Function 


TOUTU/IRQ3# 
1/0 
TIMER 2 OUTPUT IINTERRUPT 
REQUEST: 
This is the inverted output of 
Timer 2. It is also connected 
directly to interrupt 
request 3. External hardware 
can use IRQ3# 
if Timer 2 is programmed 
as OUT=O 
(TOUT2# 
= 1). 


TOUT3# 
0 
TIMER 3 OUTPUT: 
This is the inverted output of Timer 3. 


READY# 
I 
READY 
INPUT: This active-Iow 
input indicates 
to the 82370 that the current 
bus cycle is complete. 
READY is sampled 
by the 82370 both while it is in the 
Master Mode, and while it is in the Slave Mode. 


WSC(0-1) 
I 
WAIT STATE 
CONTROL: 
WSCO and WSC1 are inputs used by the Wait- 


. State Generator 
to determine 
the number of wait states required by the 
currentlyaccessed 
memory or 1/0. The binary code on these pins, combined 
with the M/IO# 
signal, selects an internal register in which a wait-state 
count 
is stored. The combination 
WSC= 
11 disables the wait-state 
generator. 


READYO# 
0 
READY OUTPUT: 
This is the synchronized 
output of the wait-state 
generator. 


It is also valid during CPU accesses 
to the 82370 in the Slave Mode when the 
82370 requires wait states. READYO# 
should feed directly the processor's 
READY # input. 


RESET 
I 
RESET: This synchronous 
input serves to initialize the state of the 82370 and 
provides 
basis for the CPURST output. RESET must be held active for at least 
15 CLK2 cycles in order to guarantee 
the state of the 82370. After Reset, the 
82370 is in the Slave Mode with all outputs except timers and interrupts 
in 


~. 
their inactive states. The state of the timers and interrupt 
controller 
must be 


initialized through software. 
This input must be active for the entire time 
required by the host processor 
to guarantee 
proper reset. 


CHPSEL# 
0 
CHIP SELECT: 
This pin is driven active whenever 
the 82370 is addressed 
in a 
slave bus read or write cycle. It is also active during interrupt 
acknowledge 
cycles when the 82370 is driving the Data Bus. It can be used to control 
the 
local bus transceivers 
to prevent contention 
with the system bus. 


CPURST 
0 
CPU RESET: CPURST provides 
a synchronized 
reset signal for the CPU. It is 
activated 
in the event of a software 
reset command, 
a processor 
shut-down 


- 
detect, or a hardware 
reset via the RESET pin. The 82370 holds CPURST 
active for 62 clocks in response 
to either a software 
reset command 
or a sh-ut- 
down detection. 
Otherwise 
CPURST reflects the RESET input. 


Vcc 
POWER: + 5V input power. 


Vss 
Ground Reference. 
I 


[ 


Port 
Wait-State 
Registers 
Select 
Inputs 


Address 
07 
04 
03 
DO 
WSC1 
WSCO 


72H 
MEMORY 
0 
1/00 
0 
0 
73H 
MEMORY 
1 
1/01 
0 
1 
74H 
MEMORY 
2 
1/02 
1 
0 
DISABLED 
1 
1 


M/IO# 
1 
0 


Table 
1. Wait-State 
Select 
Inputs 
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100 
290164-2 


100 Pin Quad Flat-Pack 
Pin Out (TOp View) 


I 


A Row 


I 
BRow 
CRow 
o Row 


Pin 
Label 
Pin 
Label 
Pin 
Label 
Pin 
Label 
1 
CPURST 
26 
VCC 
51 
Al1 
76 
ORE05 
2 
INT 
27 
011 
52 
AlO 
77 
ORE04/IR09# 
3 
VCC 
28 
04 
53 
A9 
78 
ORE03 
4 
VSS 
29 
012 
54 
Aa 
79 
ORE02 
5 
TOUT2#/IR03# 
30 
05 
55 
A7 
80 
ORE01 
6 
TOUT3# 
31 
013 
56 
A6 
81 
OREOO 
7 
O/C# 
32 
06 
57 
A5 
82 
IR023# 
8 
VCC 
33 
Vss 
58 
Vcc 
83 
IR022# 
9 
W/R# 
34 
014 
59 
A4 
84 
IR021# 
10 
M/IO# 
35 
07 
60 
A3 
85 
IR020# 
11 
HOLO 
36 
015 
61 
A2 
86 
IR019# 
12 
TOUT1/REF# 
37 
A23 
62 
A1 
87 
IR018# 
13 
CLK2 
- 
38 
A22 
63 
VSS 
88 
IR017# 
14 
VSS 
39 
A21 
64 
BLE# 
89 
IR016# 


,15 
REAOYO# 
40 
A20 
65 
BHE# 
90 
IR015# 
16 
EOP# 
41 
A19 
66 
Vss 
91 
IR014# 
17 
CHPSEL# 
42 
A1a 
67 
AOS# 
92 
IR013# 
18 , 
VCC 
43 
VCC 
68 
VCC 
93 
IR012# 
19 
'00 
44 
A17 
69 
EOACK2 
94 
IR011# 
20 
Oa 
45 
A16 
70 
EOACK1 
95 
CLKIN 
21 
01 
46 
A15 
71 
EOACKO 
96 
WSCO 
22 
09 
47 
A14 
72 
HLOA 
97 
WSC1 
23 
02 
48 
VSS 
73 
ORE07 
98 
RESET 
24 
010 
49 
A13 
74 
ORE06 
99 
REAOY# 
25 
03 
50 
A12 
75 
NA# 
100 
VSS 
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G 
H 
K 
l 
N 
B 
C 
o 
E 
A 


2 


/ 
Vee 
Vss 
Vee 
AI2 
A9 
A8 
AS 
A3 
BHE# 
OREQO 
EDACKI 
Vss 
Vee 
Vss0 
0 
0 
0 
0 
0 
0 
0 
0 
O. 
0 
0 
0 
0 


Vee 
AI9 
AI7 
AIS 
AI3 
AIO 
A7 
A<4 
AI 
AOS# 
EOACK2 
INT 
,!ss 
Vcc 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
O· 
0 
0 
OREQ<4/ 
Vss 
A21 
AI8 
A16 
AU 
All 
A6 
A2 
BlE, 
IRQ9# 
EOACKO 
HlOA 
OREQ7 
,OREQS 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


Vcc 
A22 
A20 
OREQ6 
NA# 
OREQ3 
0 
0 
0 
0 
0 
0 


(NC) 
(NC) 
A23 
WSCO 
OREQ2 
OREQl 


0 
0 
0 
0 
0 
0 
aorrou VIEW 
(NC) 
(NC) 
(NC) 
IolETAl liD 
WSCl 
IRQ22# 
IRQ23# 


0 
0 
0 
0 
0 
0 


(NC) 
(NC) 
(NC) 
IRQ21 # 
IRQ20# 
IRQI9N 


0 
0 
0 
0 
0 
0 


(NC) 
(NC) 
015 
(82370) 
IRQI7# 
IRQI6# 
IRQI8# 


0 
0 
0 
0 
0 
0 


07 
(NC) 
(NC) 
IRQI3# 
IRQU# 
IRQI5# 
0 
0 
0 
0 
0 
0 


DU 
06 
013 
O/C# 
IRQI2# 
IRQ1I# 
0 
0 
0 
0 
0 
0 


(NC) 
05 
(NC) 
REAOY# 
'ClKIN 
W/R# 
0 
0 
0 
0 
0 
0 


Vee 
(NC) 
012 
(NC) 
03 
010 
(NC) 
REAOYO# 
HOLD 
CHPSEl# 
EOP# 
CPURST 
RESET 
Vee 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


(NC) 
(NC) 
(NC) 
(NC) 
(NC) 
TOUT1/ 
Iol/!O# 
TOUT2#/ 
Vss 
0<4 
02 
09 
REF# 
TOUT3# 
IRQ3 
Vss 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


Vcc 
Vss 
Vee 
011 
(NC) 
(NC) 
ClK2 
01 
DO 
DB 
Yss 
Vee 
Yss 
"cc 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


3 


5 


6 


7 


8 


9 


10 


11 


12 


13 


1<4 
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Pin 
Label 
Pin 
Label 
Pin 
Label 
Pin 
Label 


G14 
CLK2 
D14 
D11 
L1 
DREQO 
A2 
Vcc 
N12 
RESET 
F12 
Dl0 
P6 
IRQ23# 
P2 
Vcc 
M12 
CPURST 
G13 
D9 
N6 
IRQ22# 
A4 
Vcc 
C5 
A23 
K14 
Ds 
M7 
IRQ21 # 
A12 
Vcc 
84 
A22 
A9 
D7 
N7 
IRQ20# 
P12 
Vcc 
83 
A2l 
810 
D6 
P7 
IRQ19# 
A14 
Vcc 
C4 
A20 
811 
D5 
P8 
IRQ18# 
C14 
Vcc 
82 
A19 
C13 
D4 
M8 
IRQ17# 
M14 
Vcc 
C3 
A1S 
E12 
D3 
N8 
IRQ16# 
P14 
Vcc 
C2 
A17 
F13 
D2 
P9 
IRQ15# 
A5 
NC 
D3 
A16 
H14 
Dl 
N9 
IRQ14# 
85 
NC 
D2 
A15 
J14 
Do 
M9 
IRQ13# 
A6 
NC 
E3 
A14 
P11 
W/R# 
N10 
IRQ12# 
86 
NC 
E2 
A13 
L13 
M/IO# 
P10 
IRQ11 # 
C6 
NC 
E1 
A12 
K2 
.ADS# 
M5 
WSCO 
A7 
NC 
F3 
A11 
M10 
D/C# 
M6 
WSC1 
87 
NC 
F2 
AlO 
N4 
NA# 
M13 
TOUT3# 
C7 
NC 
F1 
A9 
M11 
READY# 
N13 
TOUT2#/IRQ3# 
A8 
NC 
G1 
As 
H12 
READYO# 
K13 
TOUT1/REF# 
88 
NC 
G2 
A7 
J12 
HOLD 
N11 
CLKIN 
89 
NC 
G3 
A6 
M3 
HLDA 
A1 
Vss 
C9 
NC 
H1 
A5 
M2 
INT 
C1 
Vss 
A11 
NC 
H2 
A4 
L12 
EOP# 
N1 
Vss 
812 
NC 
J1 
A3 
L2 
EDACK2 
N2 
Vss 
C11 
NC 
H3 
A2 
M1 
EDACK1 
A3 
Vss 
D12 
NC 
J2 
Al 
L3 
EDACKO 
A13 
Vss 
G12 
NC 
J3 
8LE# 
N3 
DREQ7 
P13 
Vss 
813 
NC 
K1 
8HE# 
M4 
DREQ6 
814 
Vss 
D13 
NC 
K12 
CHPSEL# 
P3 
DREQ5 
L14 
Vss 
E13 
NC 
\ 


C8 
D15 
K3 
DREQ4I1RQ9# 
N14 
Vss 
H13 
NC 
A10 
D14 
P4 
DREQ3 
81 
Vcc 
J13 
NC 
C10 
D13 
N5 
DREQ2 
D1 
Vcc 
E14 
NC 
C12 
D12 
P5 
DREQ1 
P1 
Vcc 
F14 
NC 


1.0 FUNCTIONAL 
OVERVIEW 
Controller 
which 
is a superset 
of the 82C59A; 
four 
16-bit Programmable 
Interval Timers which are func- 
tionally equivalent 
to the 82C54 timers; a DRAM Re- 
fresh Controller; 
a Programmable 
Wait State Gener- 
ator; 
and 
system 
reset 
logic. 
The 
interface 
to the 
82370 
is optimized 
for high-performance 
operation 
with the 80376 
microprocessor. 


The 82370 
contains 
several 
independent 
functional 
modules. 
The following 
is a brief discussion 
of the 
components 
and features 
of the 82370. 
Each mod- 
ule has a corresponding 
detailed 
section 
later in this 
data sheet. Those sections 
should be referred 
to for 
design and programming 
information. 


1.1 82370 Architecture 


The 82370 
operates 
directly 
on the 80376 
bus. In 
the Slave Mode, it monitors 
the state of the proces- 
sor at all times 
and acts 
or idles according 
to the 
commands 
of the host. It monitors 
the address 
pipe- 
line status 
and generates 
the programmed 
number 
of wait states 
for the device 
being 
accessed. 
The 
82370 
also has logic to the reset of the 80376 
via 
hardware 
or software 
reset requests 
and processor 
shutdown 
status. 


The 82370 is comprised 
of several computer 
system 
functions 
that 
are normally 
found 
in separate 
LSI 
and VLSI 
components. 
These 
include: 
a high-per- 
formance, 
eight-channel, 
32-bit 
Direct 
Memory 
Ac- 
cess 
Controller; 
a 20-level 
Programmable 
Interrupt 
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After a system reset, the 82370 is in the Slave 
Mode. It appears to the system as an I/O device. It 
becomes a bus master when it is performing DMA 
transfers. 


are automatically inserted into the access cycle. 
This allows the programmer to write initialization rou- 
tines, etc. without regard to hardware recovery 
times. 


To maintain compatibility with existing software, the 
registers within the 82370 are accessed as bytes. If 
the internal logic of the 82370 requires a delay be- 
fore another access by the processor, wait states 


Figure 1-1 shows the basic architectural compo- 
nents of the 82370. The following sections briefly 
discuss the architecture and function of each of the 
distinct sections of the 82370. 


80376 
lOCAL 
BUS 
CHPSElN 


HOLD 
OREOO 
HOlDA 


ClK2 


READYN 
DRE07 


READYON 
EDACKO 
WSCO 
EDACK1 
WSC1 
EDACK2 


EOPN 
TOUT1/RErN 


13 
IRON 


INT 


RESET 
CPURST 
H ::>0..•.•..•TOUT2N 
1----1 •..•.r>0..I. ..• TOUT3N 
••.••-r-~ 
•. 
•.._-_...;._=_-_-~+-ClK IN 


Figure 1·1.Architecture 
of the 82370 


290164-4 
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1.1.1 DMA CONTROLLER 


The 82370 
contains 
a high-performance, 
8-channel 
DMA 
Controller. 
It provides 
a 32·bit 
internal 
data 
path. Through 
its 16-bit external 
physical data bus, it 
is capable 
of transferring 
data in any combination 
of 
bytes, 
words 
and double-words. 
The 
addresses 
of 
both 
source 
and destination 
can be independently 
incremented, 
decremented 
or 
held 
constant, 
and 
cover the entire 16-bit physical address 
space of the 
80376. 
It 
can 
disassemble 
and 
assemble 
non- 
aligned 
data 
via 
a 32-bit 
internal 
temporary 
data 
storage 
register. 
Data transferred 
between 
devices 
of different 
data path widths can also be assembled 
and disassembled 
using the internal 
temporary 
data 
storage 
register. The DMA Controller 
can also trans- 
fer aligned data betwee.n I/O and memory on the fly, 
allowing 
data transfer 
rates up to 16 megabytes 
per 
second 
for an 82370 
operating 
at 16 MHz. 
Figure 
1-2 illustrates 
the functional 
components 
of the DMA 
Controller. 


There are twenty-four 
general 
status and command 
registers 
in the 
82370 
DMA 
Controller. 
Through 
these 
registers 
any of the 
channels 
may 
be pro- 
grammed 
into any of the possible 
modes. The oper- 
ating modes of anyone 
channel 
are independent 
of 
the operation 
of the other channels. 


Each 
channel 
has 
three 
programmable 
registers 
which determine 
the location 
and amount 
of data to 
be transferred: 


Byte Count Register-Number 
of bytes 
to trans- 
fer. (24-bits) 


Requester 
Register 
- 
Byte 
Address 
of 
memory 
or peripheral 
which 
is re- 
questing 
DMA 
service. 
(24-bits) 


Target Register 
- 
Byte Address 
of peripheral 
or 
memory 
which 
will 
be 
accessed. 
(24-bits) 


There 
are 
also 
port 
addresses 
which, 
when 
ac- 
cessed, 
cause 
the 82370 
to perform 
specific 
func- 
tions. The actual data written doesn't 
matter, the act 
of writing 
to the specific 
address 
causes 
the com- 
mand to be executed. 
The commands 
which operate 
in this mode are: Master Clear, Clear Terminal 
Count 
Interrupt 
Request, 
Clear 
Mask 
Register, 
and Clear 


Byte Pointer 
Flip-Flop. 


DMA transfers 
can be done 
between 
all combina- 


tions of memory and I/O; memory-to-memory, 
mem- 
ory-to-I/O, 
I/O-to-memory, 
and 
I/O-to-I/O. 
DMA 
service 
can be requested 
through 
software 
and/or 


hardware. 
Hardware 
DMA acknowledge 
signals 
are 
available 
for all channels 
(except channel 
4) through 
an 
encoded 
3-bit 
DMA 
acknowledge 
bus 
(EDACKO-2). 


EDACKO 


EDACK1 


EDACK2 


~ 
I 
COMMAND 
REGISTER I 
BASE 
CURRENT 
TEMPORARY 
::::: 


COMMAND 
REGISTER II 
BYTE COUNT 
BYTE COUNT 
REGISTER 


MODE REGISTER I 
BASE 
CURRENT 
REQUESTER 
REQUESTER 
::::: 
DMA 
MODE REGISTER II 
ADDRESS 
ADDRESS 
REQUEST 
SOFTWARE 
REQUEST 
BASE 
CURRENT 
::::: 
ARBITRATION 
REGISTER 
TARGET 
TARGET 
LOGIC 
MASK 
REGISTER 
ADDRESS 
ADDRESS 
::::: 
STATUS 
REGISTER 
CHANNEL 
1 (SAME 
AS CH 0) 


BUS SIZE REGISTER 
CHANNEL 
2 (SAME 
AS CH 0) 


CHAINING 
REGISTER 
CHANNEL 
3 (SAME 
AS CH 0) 
I 
"LOWER" 
GROUP or CHANNELS 
+-- 
+-- 
PROCESS 
+-- 


CONTROL 
..-.-. 
I 
"UPPER" 
GROUP or CHANNELS 


CHANNEL 
4 (SAME 
AS CH 0 
CONTROL/STATUS 
CHANNEL 
5 (SAME 
AS CH 0 
(SAME 
AS 
CHANNEL 
6 (SAME 
AS CH 0 
LOWER GROUP) 
CHANNEL 
7 (SAM~ 
AS CH 0) 


HOLD +-----., 
HLDA· 
CONTROL/STATUS 
REGISTERS 
CHANNEL 
REGISTERS 


CHANNEL 
0 
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DREQ1 


DREQ2 


DREQ3 


DREQ4 


DREQ5 


DREQ6 


DREQ7 


EOPN 


Figure 1-2. 82370 DMA Controller 
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The 82370 DMA Controller transfers blocks of data 
(buffers) in three modes: Single Buffer, Buffer Auto- 
Initialize, and Buffer Chaining. In the Single Buffer 
Process, the 82370 DMA Controller is programm.ed 
to transfer one particular block of data. Successive 
transfers then require reprogramming of the DMA 
channel. Single Buffer transfers are useful in sys- 
tems where it is known at the time the transfer be- 
gins what quantity of data is to be transferr~d, and 
there is a contiguous block of data area available. 


The Buffer Auto-Initialize Process allows the same 
data area to be used for successive DMA transfers 
without having to reprogram the channel. 


The Buffer Chaining Process allows a program to 
specify a list of buffer transfers to be executed. The 
82370 DMA Controller, through interrupt routines, is 
reprogrammed from the list. The channel is repro- 
grammed for a new buffer before the current buffer 
transfer is complete. This pipelining of the channel 
programming process allows the system to allocate 
non-contiguous blocks of data storage space, and 
transfer all of the data with one DMA process. The 
buffers that make up the chain do not have to be in 
contiguous locations. 


Channel priority can be fixed or rotating. Fixed priori- 
ty allows the programmer to define the priority of 
DMA channels based on hardware or other fixed pa- 


rameters. Rotating priority is used to provide periph- 
erals access to the bus on a shared basis. 


With fixed priority, the programmer can set any 
channel to have the current lowest priority. This al- 
lows the user to reset or manually rotate the priority 
schedule without reprogramming the command reg- 
isters. 


1.1.2 PROGRAMMABLE 
INTERVAL 
TIMERS 


Four 16-bit programmable interval timers reside 
within the 82370. These timers are identical in func- 
tion to the timers in the 82C54 Programmable Inter- 
val Timer. All four of the timers share a common 
clock input which can be independent of the system 
clock. The timers are capable of operating in six dif- 
ferent modes. In all of the modes, the current count 
can be latched and read by the 80376 at any time, 
making these very versatile event timers. Figure 1-3 
shows the functional components of the Program- 
mable Interval Timers. 


The outputs of the timers are directed to key system 
functions, making system design simpler. Timer 0 is 
routed directly to an interrupt input and is not avail- 
able externally. This timer would typically be used to 
generate time-keeping interrupts. 


GATES( 


ClKIN 


CONTROL 
•••••••.•••••-+1 


LOGIC 


TOUTO 


TI~ER 
0 
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TOUT2 
TI~ER 
2 


TOUT3 
TI~ER 
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Figure 1-3. Programmable 
Interval Timers-Block 
Diagram 
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Timers 1 and 2 have outputs which are available for 
general timer/counter purposes as well as special 
functions. Timer 1 is routed to the refresh control 
logic to provide refresh timing. Timer 2 is connected 
to an interrupt request input to provide other timer 
functions. Timer 3 is a general purpose timer/coun- 
ter whose output is available to external hardware. It 
is also connected internally to the interrupt request 
which defaults to the highest priority (IROO). 


1.1.3 INTERRUPT 
CONTROLLER 


The 82370 has the equivalent of three enhanced 
82C59A Programmable Interrupt Controllers. These 
controllers can all be operated in the Master Mode, 
but the priority is always as if they were cascaded. 
There are 15 interrupt request inputs provided for 
the user, all of which can be inputs from external 
slave interrupt controllers. Cascading 82C59As to 
these request inputs allows a possible total of 120 
external interrupt requests. Figure 1-4 is a block dia- 
gram of the 82370 Interrupt Controller. 


Each of the interrupt request inputs can be individu- 
ally programmed with its own interrupt vector, allow- 
ing more flexibility in interrupt vector mapping than 


was available with the 82C59A. An interrupt is pro- 
vided to alert the system that an attempt is being 
made to program the vectors in the method of the 
82C59A. This provides compatibility of existing soft- 
ware that used the 82C59A or 8259A with new de- 
signs using the 82370. 


In the event of an unrequested or otherwise errone- 
ous interrupt acknowledge cycle, the 82370 Interrupt 
Controller issues a default vector. This vector, pro- 
grammed by the system software, will alert the sys- 
tem of unsolicited interrupts of the 80376. 


The functions of the 82370 Interrupt Controller are 
identical to the 82C59A, except in regards to pro- 
gramming the interrupt vectors as mentioned above. 
Interrupt request inputs are programmable as either 
edge or level triggered and are software maskable. 
Priority can be either fixed or rotating and interrupt 
requests can be nested. 


Enhancements are added to the 82370 for cascad- 
ing external interrupt controllers. Master to Slave 
handshaking takes place on the data bus, instead of 
dedicated cascade lines. 


...- 
-+ INTERRUPT 
TO HOST 


IROO# 
IR01# 
IR02# 
IR03# 
IR04# 


IR05# 
IR06# 
IR07# 


PRIORITY 
RESOLVER 
/l( 
CONTROL 
LOGIC 


IN- 
SERVICE 
REG. 


IROl 


DATA (0-7) 


IR02 


IR03 


IR04 
DATA (0-7) 


IR06 


IR05 


IR07 


INDIVIDUALLY 
PROGRAt.4t.4ABLE 
VECTOR BANK 


82370 
ENHANCEt.4ENT OVER THE 82C59A 
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Figure 1-4.82370 Interrupt Controller-Block 
Diagram 
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1.1.4 WAIT 
STATE 
GENERATOR 


The 
Wait 
State 
Generator 
is a 
programmable 
READY generation circuit for the 80376 bus. A p~- 
ripheral requiring wait states can request the Wait 
State Generator to hold the processor's READY in- 
put inactive for a predetermined number of bus 
states. Six different wait state counts can be pro- 
grammed into the Wait State Generator by software; 
three for memory accesses and three for 1/0 ac- 
cesses. A block diagram of the 82370 Wait State 
Generator is shown in Figure 1-5. 


The peripheral being accessed selects the re~uire? 
wait state count by placing a code on a 2-blt wait 
state select bus. This code along with the M/IO# 
signal from the bus master is used to select one of 
six internal 4-bit wait state registers which has been 
programmed with the desired number of wait states. 
From zero to fifteen wait states can be programmed 
into the wait state registers. The Wait State genera- 
tor tracks the state of the processor or current bus 
master at all times, regardless of which device is the 
current bus master and regardless of whether or not 
the wait state generator is currently active. 


The 82370 Wait State Generator is disabled by mak- 
ing the select inputs both high. This all~ws hardware 
which is intelligent enough to generate Its own ready 
signal to be accessed without penalty. As previously 
mentioned, deselecting the Wait State Generator 
does not disable its ability to determine the proper 
number of wait states due to pipeline status in sub- 
sequent bus cycles. 


The number of wait states inserted into a pipellned 
bus cycle is the value in the selected wait state reg- 
ister. If the bus master is operating in the non-pipe- 
lined mode, the Wait State Generator will increase 
the number of wait states inserted into the bus cycle 
by one. 


On reset, the Wait State Generator's registers are 
loaded with the value FFH, giving the maximum 
number of wait states for any access in which the 
wait state select inputs are active. 


1.1.5 DRAM 
REFRESH 
CONTROLLER 


The 82370 DRAM Refresh Controller consists of a 
24-bit refresh address counter and bus arbitration 
logic. The output of Timer 1 is used to periodically 
request a refresh cycle. When the controller re- 
ceives the request, it requests access to the system 
bus through the HOLD signal. When bus control is 
acknowledged by the processor or current bus mas- 
ter, the refresh controller executes a memory read 
operation at the address currently in the Refresh Ad- 
dress Register. At the same time, it activates a re- 
fresh signal (REF#) that the memory uses to force a 
refresh instead of a normal read. Control of the bus 
is transferred to the processor at the completion of 
this cycle. Typically a refresh cycle will take six clock 
cycles to execute on an 80376 bus. 


The 82370 DRAM Refresh Controller has the high- 
est priority when requesting bus access and will in- 
terrupt any active DMA process. This allows large 
blocks of data to be moved by the DMA controller 
without affecting the refresh function. Also the DMA 
controller is not required to completely relinquish the 
bus, the refresh controller simply steals a bus cycle 
between DMA accesses. 


.The amount by which the refresh address is incre- 
mented is programmable to allow for different bus 
widths and memory bank arrangements. 


1.1.6 CPU RESET 
FUNCTION 


The 82310 contains a special reset function which 
can respond to hardware reset signals as well as a 


Pipelined 0-15 Wai1States 
Non-Pipelined 0-16 Wait States 


t.4Et.40RY 0 
I/O 
0 
WSCO 
t.4Et.40RY 1 
I/O 
1 
REGISTER 
WSC1 
SELECT 
t.4Et.40RY 2 
I/O 
2 
LOGIC 
WAIT STATE 
t.4/10# 
(RESERVED) 
REFRESH 
COUNTER 


INTERNAL 
WAIT STATE 
REQUIREt.4ENT 


0403 
DO 


PROGRAt.4t.4ABLE WAIT STATE 
REGISTERS 
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Figure 1·5.82370 
Wait State Generator-Block 
Diagram 
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software reset command. The circuit will hold the 
80376's RESET line active while an external hard- 
ware reset signal is present at its RESET input. It 
can also reset the 80376 processor as the result of a 
software command. The software reset command 
causes the 82370 to hold the processor's RESET 
line active for a minimum of 62 clock cycles. The 
80376 requires that its RESET line be held active for 
a minimum of 80 clock cycles to re-initialize. For a 
more detailed explanation and solution, see Appen- 
dix D (System Notes). 


The 82370 can be programmed to sense the shut- 
down detect code on the status lines from the 
80376. If the Shutdown Detect function is enabled, 
the 82370 will automatically reset the processor. A 
diagnostic register is available which can be used to 
determine the cause of reset. 


1.1.7 REGISTER 
MAP RELOCATION 


After a hardware reset, the internal registers of the 
82370 are located in 1/0 space beginning at port 
address OOOOH.The map of the 82370's registers is 
relocatable via a software command. The default 
mapping places the 82370 between I/O addresses 
OOOOHand OODBH.The relocation register allows 
this map to be moved to any even 256-byte bounda- 
ry in the processor's 16-bit 1/0 address space or any 
even 64 kbyte boundary in the 24-bit memory ad- 
dress space. 


1.2 Host Interface 


The 82370 is designed to operate efficiently on the 
local bus of an 80376 microprocessor. The control 
signals of the 82370 are identical in function to 
those of the 80376. As a slave, the 82370 operates 
with all of the features available on the 80376 bus. 
When the 82370 is in the Master Mode, it looks iden- 
tical to an 80376 to the connected devices. 


The 82370 monitors the bus at all times, and deter- 
mines whether the current bus cycle is a pipelined or 
non-pipelined access. All of the status signals of the 
processor are monitored. 


The control, status, and data registers within the 
82370 are located at fixed addresses relative to 
each other, but the group can be relocated to either 
memory or 1/0 space and to different locations with- 
in those spaces. 


As a Slave device, the 82370 monitors the controlI 
status lines of the CPU. The 82370 will generate all 
of the wait states it needs whenever it is accessed. 
This allows the programmer the freedom of access- 


ing 82370 registers without having to insert NOPs in 
the program to wait for slower 82370 internal regis- 
ters. 


The 82370 can determine if a current bus cycle is a 
pipelined or a non-pipelined cycle. It does this by 
monitoring the ADS#, NA# and READY# signals 
and thereby keeping track of the current state of the 
80376. 


As a bus master, the 82370 looks like an 80376 to 
the rest of the system. This enables the designer 
greater flexibility in systems which 
include the 
82370. The designer does not have to alter the inter- 
faces of any peripherals designed to operate with 
the 80376 to accommodate the 82370. The 82370 
will access any peripherals on the bus in the same 
manner as the 80376, including recognizing pipe- 
lined bus cycles. 


The 82370 is accessed as an 8-bit.peripheral. The 
80376 places the data of all 8-bit accesses either on 
D(0-7) or D(8-15). The 82370 will only accept data 
on these lines when in the Slave Mode. When in the 
Master Mode, the 82370 is a full 16-bit machine, 
sending and receiving data in the same manner as 


. the 80376. 


2.0 80376 HOST INTERFACE 


The 82370 contains a set of interface signals to op- 
erate efficiently with the 80376 host processor. 
These signals were deslqnsd so that minimal hard- 
ware is needed to connect the 82370 to the 80376. 
Figure 2-1 depicts a typical system configuration 
with the 80376 processor. As shown in the diagram, 
the 82370 is designed to interface directly with the 
80376 bus. 


Since the 82370 resides on the opposite side of the 
data bus transceivers with respect to the rest of the 
system peripherals, it is important to note that the 
transceivers should be controlled so that contention 
between the data bus transceivers and the 82370 
will not occur. In order to ease the implementation of 
this, the 82370 activates the CHPSEL# signal which 
indicates that the 82370 has been addressed and 
may output data. This signal should be included in 
the direction and enable control logic of the trans- 
ceiver. When any of the 82370 internal registers are 
read, the data bus transceivers should be disabled 
so that only the 82370 will drive the local bus. 


This section describes the basic bus functions of the 
82370 to show how this device interacts with the 
80376 processor. Other signals which are not direct- 
ly related to the host interface will be discussed in 
their associated functional block description. 
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Figure 2·1. 80376/82370 
System Configuration 


2.1 
Master and Slave Modes 


At any time. the 82370 acts as either a Slave device 
or a Master device in the system. Upon reset. the 
82370 will be in the Slave Mode. In this mode. the 
80376 processor can read/write into the 82370 in- 
.ternal registers. Initialization information may be pro- 
grammed into the 82370 during Slave Mode. 


When DMA service (including DRAM Refresh Cycles 
generated by the 82370) is requested, the 82370 will 
request and subsequently get control of the 80376 
local bus. This is done through the HOLD and HLDA 
(Hold Acknowledge) signals. When the 80376 proc- 


essor responds by asserting the HLDA signal, the 
82370 will switch into Master Mode and perform 
DMA transfers. In this mode, the 82370 is the bus 
master of the system. It can read/write data from/to 
memory and peripheral devices. The 82370 will re- 
turn to the Slave Mode upon completion of DMA 
transfers, or when HLDA is negated. 


2.2 80376 Interface 
Signals 


As mentioned in the Architecture section, the Bus 
Interface module of the 82370 (see Figure 1-1) con- 
tains signals that are directly connected to the 
80376 host processor. This module has separate 
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16-bit Data and 24-bit Address busses. Also, it has 
additional control signals to support different bus op- 
erations on the system. By residing on the 80376 
local bus, the 82370 shares the same address, data 
and control lines with the processor. The following 
subsections discuss the signals which interface to 
the 80376 host processor. 


2.2.1 CLOCK (CLK2) 


The CLK2 input provides fundamental timing for the 
82370. It is divided by two internally to generate the 
82370 internal clock. Therefore, CLK2 should be 
driven with twice the 80376's' frequency. In order to 
maintain synchronization with the 80376 host proc- 
essor, the 82370 and the 80376 should share a 
common clock source. 


The internal clock consists of two phases: PHI1 and 
PHI2. Each CLK2 period is a phase of the internal 
clock. PHI2 is usually used to sample input and set 
up internal signals and PHI1 is for latching internal 
data. Figure 2-2 illustrates the relationship of CLK2 
and the 82370 internal clock signals. The CPURST 
signal generated by the 82370 guarantees that the 
80376 will wake up in phase with PHI1. 


2.2.2 DATA BUS (00-015) 


This 16-bit three-state bidirectional bus provides a 
general purpose data path between the 82370 and 
the system. These pins are tied directly to the corre- 
sponding Data Bus pins of the 80376 local bus. The 
Data Bus is also used for interrupt vectors generated 
by the 82370 in the Interrupt Acknowledge cycle. 


During Slave I/O operations, the 82370 expects a 
single byte to be written or read. When the 80376 
host processor writes into the 82370, either 00-07 
or 08-015 will be latched into the 82370, depending 


upon whether Byte Enable bit BLE# is 0 or 1 (see 
Table 2-1). When the 80376 host processor reads 
from the 82370, the single byte data will be duplicat- 
ed twice on the Data Bus; Le. on 00-07 
and D8- 


015· 


During Master Mode, the 82370 can transfer 16-, 
and 8-bit data between memory (or I/O devices) and 
.1/0 devices (or memory) via the Data Bus. 


These three-state bidirectional signals are connect- 
ed directly to the 80376 Address Bus. In the Slave 
Mode, they are used as input signals so that the 
processor can address the 82370 internal ports/rsq- 
isters. In the Master Mode, they are used as output 
signals by the 82370 to address memory and periph- 
eral devices. The Address Bus is capable of ad- 
dressing 16 Mbytes of physical memory space 
(OOOOOOH 
to FFFFFFH), and 64 Kbytes of I/O ad- 


dresses. 


2.2.4 BYTE ENABLE (BHE#, BLE#) 


The Byte Enable pins BHE# and BLE# select the 
specific byte(s) in the word addressed by Al-A23. 
During.Master Mode operation, it is used as an out- 
put by the 82370 to address memory and I/O loca- 
tions. The definition of BHE# and BLE# is further 
illustrated in Table 2-1. 


NOTE: 


The 82370 will activate BHE# when output in Mas- 
ter Mode. For a more detailed explanation and its 
solutions, see Appendix 0 (System Notes). 


I 


82370 
CLOCK PERIOD 
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Figure 2-2. CLK2 and 82370 Internal Clock 
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Table 2-1. Byte Enable Signals 


Byte to be Accessed 
logical 
Byte Presented on 
BHE# 
BlE# 
Relative to A23-A1 
Data Bus During WRITE Only·_ 
D15-D8 
D7-DO 


0 
0 
0, 1 
B 
A 
0 
1 
1 
A 
A 
1 
0 
0 
U 
A 
1 
1 
(Not Used) 


U = Undefined 
A = Logical 
00-07 
B = Logical 
08-015 


-NOTE: 
Actual 
number 
of bytes accessed 
depends 
upon the programmed 
data path width. 


Table 2-2. Bus Cycle Definition 


MIIO# 
D/C# 
W/R# 
As INPUTS 
As OUTPUTS 


0 
0 
0 
Interrupt Acknowledge 
NOT GENERATED 
0 
0 
1 
UNDEFINED 
NOT GENERATED 
0 
1 
0 
1/0 Read 
I/O Read 
0 
1 
1 


" 


1/0 Write 
1/0 Write 
1 
0 
0 
UNDEFINED 
NOT GENERATED 
1 
0 
1 
HALT if At = 1 
NOT GENERATED 
SHUTDOWN if At = 0 
1 
1 
0 
Memory Read 
Memory Read 
1 
1 
1 
Memory Write 
Memory Write 


2.2.5 BUS CYCLE DEFINITION SIGNALS 
(D/C#, 
W/R#, 
MIIO#) 


These three-state bidirectional signals define the 
type of bus cycle being performed. W/R# 
distin- 
guishes between write and read cycles. D/G# 
dis- 
tinguishes between processor data and control cy· 
cles. M/IO# distinguishes between memory and 1/0 
cycles. 


During Slave Mode, these signals are driven by the 
80376 host processor; during Master Mode, they are 
driven by the 82370. In either mode, these signals 
will be valid when the Address Status (ADS#) is 
driven LOW. Exact bus cycle definitions are given in 
Table 2-2. Note that some combinations are recog- 
nized as inputs, but not generated as outputs. In the 
Master Mode, D/G# 
is always HIGH. 


2.2.6 ADDRESS STATUS (ADS#) 


This signal indicates that a valid address (At-A23, 
BHE#, 
BLE#) 
and bus cycle definition (W/R#, 
D/G#, 
M/IO#) 
is being driven on the bus. In the 
Master Mode, it is driven by the 82370 as an output. 
In the Slave Mode, this signal is monitored as 


an input by the 82370. By the current and past 


) status of ADS# and the READY# input, the 82370 
is able to determine, during Slave Mode, if the next 
bus cycle is a pipelined address cycle. ADS# is as- 
serted during T1 and T2P bus states (see Bus State 
Definition). 


NOTE: 
ADS# must be qualified with the rising edge of 
GLK2. 


2.2.7 TRANSFER ACKNOWLEDGE (READY#) 


This input indicates that the current bus cycle is 
complete. In the Master Mode, assertion of this sig- 
nal indicates the end of a DMA bus cycle. In the 
Slave Mode, the 82370 monitors this input and 
ADS# to detect a pipelined address cycle. This sig- 
nal should be tied directly to the READY# input of 
the 80376 host processor. 


2.2.8 NEXT ADDRESS REQUEST (NA#) 


This input is used to indicate to the 82370 in the 
Master Mode that the system is requesting address 
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Table 2·3. Output Signals Following RESET 
pipelining. When driven LOW by either memory or 
peripheral devices during Master Mode, it indicates 
that the system is prepared to accept a new address 
and bus cycle definition signals from the 82370 be- 
fore the end of the current bus cycle. If this input is 
active when sampled by the 82370, the next address 
is driven onto the bus, provided a Oils request is 
already pending internally. 


This input pin is monitored only in the Master Mode. 
In the Slave Mode, the 82370 uses the ADS# and 
READY# signals to determine address pipelining 
cycles, and NA# will be ignored. 


2.2.9 RESET (RESET, CPURST) 


RESET 


This synchronous input suspends any operation in 
progress and places the 82370 in a known initial 
state. Upon reset, the 82370 will be in the Slave' 
Mode waiting to be initialized by the 80376 host 
processor. The 82370 is reset by asserting RESET 
for 15 or more CLK2 periods. When RESET is as- 
serted, all other input pins are ignored, and all other 
bus pins are driven to an idle bus state as shown in 
Table 2-3. The 82370 will determine the phase of its 
internal clock following RESET going inactive. 


RESET is level-sensitive and must be synchronous 
to the CLK2 signal. The RESET setup and hold time 
requirements are shown in Figure 2-3. 


Signal 
Level 


Al-A23, Do-D15, BHE#, BLE# 
Float 


D/C#, 
W/R#, 
M/IO#, ADS# 
Float 
, 


READYO# 
'1' 
EOP# 
'1' (Weak Pull-UP) 
EDACK2-EDACKO 
'100' 
HOLD 
'0' 
INT 
UNDEFINED" 
TOUT1/REF #, 
UNDEFINED" 
TOUTU/IRQ3#, 
TOUT3# 
CPURST 
'0' 
CHPSEL# 
'1' 


-NOTE: 
The Interrupt Controller and Programmable Interval Timer 
are initialized by software commands. 


CPURST 


This output signal is used to reset the 80376 host 
processor. It will go active (HIGH) whenever one of 
the following events occurs: a) 82370's RESET input 
is active; b) a software RESET command is issued 
to the 82370; or c) when the 82370 detects a proc- 
essor Shutdown cycle and when this detection fea- 
ture is enabled (see CPU Reset and Shutdown De- 
tect). When activated, CPURST will be held active 
for 62 clocks. The timing of CPURST is such that the 
80376 processor will be in synchronization with the 
82370. This timing is shown in Figure 2-4. 


PHI 1/2 
PHI 1/2 
PHI 2 
PHI 1 
PHI 2 


T30 


290164-10 


Figure 2·3. RESETTiming 


PHI 2 
PHI 1 
PHI 2 
PHI 1 • 


CLK2 


RESET 


T30-RESET 
Hold Time 
T31-RESET 
Setup Time 


CLK2 


CPURST 


T33-CPU 
Reset from CLK2 
290164-11 


I--T33 
t.4IN. 


\\\\\\\? 
----=.11 T33 t.4AX. 


Figure 2·4. CPURSTTiming 
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2.2.10 
INTERRUPT 
OUT (INT) 


This output pin is used to signal the 80376 host 
processor that one or more interrupt requests (either 
internal or external) are pending. The processor is 
expected to respond with an Interrupt Acknowledge 
cycle. This signal should be connected directly to 
the Maskable Interrupt Request (INTR) input of the 
80376 host processor. 


2.3 82370 Bus Timing 


The 82370 internally divides the CLK2 signal by two 
to generate its internal clock. Figure 2-2 showed the 
relationship of CLK2 and the internal clock which 
consists of two phases: PHI1 and PHI2. Each CLK2 
period is a phase of the internal clock. 


In the 82370, whether it is in the Master or Slave 
Mode, the shortest time unit of bus activity is a bus 
state. A bus state, which is also referred as a 
'T-state', is defined as one 82370 PHI2 clock period 
(Le. two CLK2 periods). Recall in Table 2-2 various 
types of bus cycles in the 82370 are defined by the 
M/IO#, 
D/C# 
and W/R# 
signals. Each of these 
bus cycles is composed of two or more bus states. 
The length of a bus cycle depends on when the 
READY# input is asserted (i.e. driven LOW). 


2.3.1 ADDRESS 
PIPElINING 


The 82370 supports Address Pipeiining as an option 
in both the Master and Slave Mode. This feature typ- 
ically allows a memory or peripheral device to oper- 
ate with one less wait state than would otherwise be 
required. This is possible because during a pipeiined 
cycle, the address and bus cycle definition of the 
next cycle will be generated by the bus master while 
waiting for the end of the current cycle to be ac- 
knowledged. The pipelined bus is especially well 
suited for an interleaved memory environment. For 
16 MHz interleaved memory designs with 100 ns ac- 
cess time DRAMs, zero wait state memory accesses 
can be achieved when pipeiined addressing is se- 
lected. 


In the Master Mode, the 82370 is capable of initiat- 
ing, on a cycle-by-cycle basis, either a pipelined or 
non-pipeiined access depending upon the state of 
the NA# input. If a pipeiined cycle is requested (indi- 
cated by NA# being driven LOW), the 82370 will 
drive the address and bus cycle definition of the next 
cycle as soon as there is an internal bus request 
pending. 


In the Slave Mode, the 82370 is constantly monitor- 
ing the ADS# and READY# signals on the proces- 
sor local bus to determine if the current bus cycle is 


a pipelined cycle. If a pipelined cycle is detected, the 
82370 will request one less wait state from the proc- 
essor if the Wait State Generator feature is selected. 
On the other hand, during an 82370 internal register 
access in a pipelined cycle, it will make use of the 
advance address and bus cycle information. In all 
cases, Address Pipelining will result in a savings of 
one wait state. 


2.3.2 MASTER 
MODE 
BUS TIMING 


When the 82370 is in the Master Mode, it will be in 
one of six bus states. Figure 2-5 shows the complete 
bus state diagram of the Master Mode, including 
pipelined address states. As seen in the figure, the 
82370 state diagram is very similar to that of the 
80376. The major difference is that in the 82370, 
there is no Hold state. Also, in the 82370, the condi- 
tions for some state transitions depend upon wheth- 
er it is the end of a DMA process. 


NOTE: 
The term 'end of a DMA process' is loosely defined 
here. It depends on the DMA modes of operation 
as well as the state of the EOP# and DREQ in- 
puts. This is expained in detail in section 3-DMA 
Controller. 


The 82370 will enter the idle state, Ti, upon RESET 
and whenever the internal address is not available at 
the end of a DMA cycle or at the end of a DMA 
process. When address pipelining is not used (NA# 
is not asserted), a new bus cycle always begins with 
state T1. During T1, address and bus cycle definition 
signals will be driven on the bus. T1 is always fol- 
lowed by T2. 


If a bus cycle is not acknowledged (with READY#) 
during T2 and NA# is negated, T2 will be repeated. 
When the end of the bus cycle is acknowledged dur- 
ing T2, the following state will be T1 of the next bus 
cycle (if the internal address latch is loaded and if 
this is not the end of the DMA process). Otherwise, 
the Ti state will be entered. Therefore, if the memory 
or peripheral accessed is fast enough to respond 
within the first T2, the fastest non-pipeiined cycle will 
take one T1 and one T2 state. 


Use of the address pipeiining feature allows the 
82370 to enter three additional bus states: T1P, T2P 
and T2L T1P is the first bus state of a pipelined bus 
cycle. T2P follows T1P (or T2) if NA# is asserted 
when sampled. The 82370 will drive the bus with the 
address and bus cycle definition signals of the next 
cycle during T2P. From the state diagram, it can be 
seen that after an idle state Ti, the first bus cycle 
must begin with T1, and is therefore a non-pipelined 
bus cycle. The next bus cycle can be pipeiined if 


9-118 


inter 
82370 


2.3.3 SLAVE 
MODE 
BUS TIMING 
NA# is asserted and the previous bus cycle ended 
in a T2P state. Once the 82370 is in a pipelined 
cycle and provided that NA# is asserted in subse- 
quent cycles, the 82370 will be switching between 
T1P and T2P states. If the end of the current bus 
cycle is not acknowledged by the READY# input, 
the 82370 will extend the cycle by adding T2P 
states. The fastest pipelined cycle will consist of one 
T1P and one T2P state. 


The 82370 will enter state T2i when NA# is assert- 
ed and when one of the following two conditions 
occurs. The first condition is when the 82370 is in 
state T2. T2i will be entered if READY# is not as- 
serted and there is no next address available. This 
situation is similar to a wait state. The 82370 will stay 
in T2i for as long as this condition exists. The sec- 
ond condition which will cause the 82370 to enter 
T2i is when .the82370 is in state T1P. Before going 
to state T2P, the 82370 needs to wait in state T2i 
until the next address is available. Also, in both cas- 
es, if the DMA process is complete, the 82370 will 
enter the T2i state in order to finish the current DMA 
cycle. 


Figure 2-6 is a timing diagram showing non-pipelined 
bus accesses in the Master Mode. Figure 2-7 shows 
the timing of pipelined accesses in the Master Mode. 


Figure 2-8 shows the Slave Mode bus timing in both 
pipelined and non-pipelined cycles when the 82370 
is being accessed 
Recall that during Slave Mode, 


the 82370 will constantly monitor the ADS# 
and 
READY# signals to determine if the next cycle is 
pipelined. In Figure 2-8, the first cycle is non-pipe- 
lined and the second cycle is pipelined. In the pipe- 
lined cycle, the 82370 will start decoding the ad- 
dress and bus cycle signals one bus state earlier 
than in a non-pipelined cycle. 


The READY# input signal is sampled by the 80376 
host processor to determine the completion of a bus 
cycle. This occurs during the end of every T2, T2i 
and T2P state. Normally, the output of the 82370 
Wait State Generator, .READYO#, is directly con- 
nected to the READY# input of the 80376 host 
processor and the 82370. In such case, READYO# 
and READY# will be identical (see Wait State Gen- 
erator). 


NA# Asserted. [Not ADAV+ End of DMA] 


Not ADAV. READY# Negated 


NOTE: 
ADAV-Internal 
Address Available 
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Figure 2-5. Master Mode State Diagram 
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CYCLE 1 


T1 
T2 


CYCLE2 


T2 
T2 
T1 
T2 
T1 


CLK2 


PHI2 


ADDRESS 
,.--~~--~----~~---_,.-"""":"=-:--- 
AND CONTROL --<",_.;;...;A..;;;D_D 
••R .;.l__ 
"X 
•••••• A..;;;D_D 
••R ,;;2 
X"' 
AD•• D;,;;R_3 
_ 


DATA 
CD 
CD 
r-:- 
(READ) --------c 
1 )---------C 
2 )-----Cu.. 


DATA --.;....-<======JX(====~~===](I==== 
(WRITE) 
•• 
•• 


NA# '!7XXXXXXXXXXXX1~:l'OI'I:~~""--~\OOOOOOOO&Rl~~~~-""'@XXXXXXXXXXXXX~:l'OI'I:~~~~~'Ifr'-"""\ 


READY# X>OOOOOOOOOOQOO 
1 tl.'ttIX'IXIXf 
m 
2 mooooooo. 
3 
I 
0 WAIT STATE 
1 WAIT STATE 
0 WAIT STATE 


Figure 2-6. Non-Pipelined 
Bus Cycles 


CYCLE 1 
CYCLE2 


T2p 
T2p 


CYCLE3 


T1p 
T1p 
T2p 
T1p 
T2p 


DATA-------cCDl 
>---------cCD2 ~--_<'3 
(READ) 
~ 


DA~---~_--~~-~~----~----~--3~--- 
(WRITE) 
f\X__ 
~~ 
__ 
Xf\ 
...:2:;....._~_...J'X"--_:::,,,,_ 


Figure 2-7. Pipelined 
Bus Cycles 
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NON-PIPELINEO 
CYCLE 


CLK2 


PHI2 


A(I-23) 
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~ 
~ 
__ 
+- 
+-"''\....__ 
~ 
?----I 


O/CN.W/RN 


AOSH 


REAOYON __ 
-+J 


(TWO OR MORE WAIT STATES) 
(ONE OR MORE WAIT STATES) 


X5O(\ 
-t, 


, 


< 


REAOYH 


0(0-15) 
(READ) 


0(0-15) 
(WRITE) 
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NOTE: 
NA# 
is shown 
here only for timing 
reference. 
It is not sampled 
by the 82370 
during 
Slave 
Mode. 
. 


When 
the 82370 
registers 
are accessed, 
it will take one or more wait states 
in pipelined 
and two or more wait states 
in 


non-pipelined 
cycle 
to complete 
the internal 
access. 


3.0 
DMA CONTROLLER 


Figure 2-8. Slave Read/Write 
Timing 


The 82370 
has eight channels 
of DMA. Each chan- 
nel operates 
independently 
of the others. Within the 
operation 
of the individual 
channels, 
there are many 
different 
modes 
of data transfer 
available. 
Many of 
the operating 
modes can be intermixed 
to provide 
a 
very versatile 
DMA controller. 


The 82370 DMA Controller 
is capable 
of transferring 
data 
between 
any combination 
of memory 
andlor 
1/0, with any combination 
of data path widths. 
The 
82370 
DMA Controller 
can be programmed 
to ac- 
commodate 
8- or 16-bit devices. 
With its 16-bit ex- 
ternal data path, it can transfer 
data in units of byte 
or a word. 
Bus bandwidth 
is optimized 
through 
the 
use of an internal 
temporary 
register 
which 
can dis- 
assemble 
or assemble 
data 
to 
or from 
either' 
an 
aligned 
or non-aligned 
destination 
or source. 
Figure 
3-1 is a block diagram 
of the 82370 DMA Controller. 


3.1 
Functional Description 


In describing 
the operation 
of the 82370's 
DMA Con- 
troller, close attention 
to terminology 
is required. 
Be- 
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EDACKO 


EDACK2 


-1 
I 
COMMAND 
REGISTER I 
BASE 
CURRENT 
TEMPORARY 
3 


, 
COMMAND 
REGISTER IT 
BYTE COUNT 
BYTE COUNT 
REGISTER 
, 


MODE REGISTER I 
BASE 
CURRENT 
REQUESTER 
REQUESTER 
DMA 
MODE REGISTER IT 
ADDRESS 
ADDRESS 
REQUEST 
sorTWARE 
REQUEST 
BASE 
CURRENT 
ARBITRATION 
REGISTER 
TARGET 
TARGET 
=: 


LOGIC 
MASK REGISTER 
ADDRESS 
ADDRESS 


STATUS 
REGISTER 
CHANNEL 
1 (SAME 
AS CH 0) 
----- . 
BUS SIZE REGISTER 
CHANNEL 
2 (SAME 
AS CH 0) 


CHAINING 
REGISTER 
CHANNEL 
3 (SAME 
AS CH 0) 


.. 
I 
"LOWER" 
GROUP or 
CHANNELS 
+-- 
+-- 
PROCESS 
+-- 


CONTROL 


+---t 
I 
"UPPER" 
GROUP or 
CHANNELS 


CHANNEL 
4 
SAME AS CH 0 
CONTROL/STATUS 
CHANNEL 
5 
SAME AS CH 0 
(SAME 
AS 
CHANNEL 
6 
SAME AS CH 0 
LOWER GROUP) 
CHANNEL 
7 (SAME 
AS CH 0) 


HOLD +-----., 
HLDA' 
CONTROL/STATUS 
REGISTERS 
CHANNEL 
REGISTERS 


CHANNEL 
0 
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DREQO 


DREQl 


DREQ2 


DREQ3 


DREQ4 


DREQ5 


DREQ6 


DREQ7 


EDACKl 


EOPH 


Figure 3-1. 82370 DMA Controller 
Block Diagram 


fore entering the discussion of the function of the 
82370 DMA Controller, the following explanations of 
some of the terminology used herein may be of ben- 
efit. First, a few terms for clarification: 


DMA PROCESS-A 
DMA process is the execution 
of a programmed DMA task from beginning to end. 
Each DMA process requires intitial programming by 
the host 80376 microprocessor. 


BUFFER-A 
contiguous block of data. 


BUFFER TRANSFER-The 
action required by the 
DMA to transfer an entire buffer. 


DATA TRANSFER-The 
DMA action in which a 
group of bytes or words are moved between devices 
by the DMA Controller. A data transfer operation 
may involve movement of one or many bytes. 


BUS CYCLE-Access 
by the DMA to a single byte 
or word. 


Each DMA channel consists of three major compo- 
nents. These components are identified by the con- 
tents of programmable registers which define the 


memory or l/O devices being serviced by the DMA. 
They are the Target, the Requester, and the Byte 
Count. They will be defined generically here and in 
,greaterdetail in the DMA register definition section. 


The Requester is the device which requires service 
by the 82370 DMA Controller, and makes the re- 
quest for service. All of the control signals which the 
DMA monitors or generates for specific channels 
are logically related to the Requester. Only the Re- 
quester is considered capable of initiating or termi- 
nating a DMA process. 


The Target is the device with which the Requester 
wishes to communicate. As far as the DMA process 
is concerned, the Target is a slave which is incapa- 
ble of control over the process. 


The direction of data transfer can be either from Re- 
quester to Target or from Target to Requester; i.e. 
each can be either a source or a destination. 


The Requester and Target may each be either l/O 
or memory. Each has an address associated with it 
that can be incremented, decremented, or held con- 
stant. The addresses are stored in the Requester 
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Address Registers and Target Address Registers, 
respectively. These registers have two parts: one 
which contains the current address being used in the 
DMA process (Current Address Register), and one 
which holds the programmed base address (Base 
Address Register). The contents of the Base Regis- 
ters are never changed by the 82370 DMA Control- 
ler. The Current Registers are incremented or decre- 
mented according to the progress of the DMA pro- 
cess. 


The Byte Count is the component of the DMA pro- 
cess which dictates the amount of data which must 
be transferred. Current and Base Byte Count Regis- 
ters are provided. The Current Byte Count Register 
is decremented once for each byte transferred by 
the DMA process. When the register is decremented 
past zero, the Byte Count is considered 'expired' 
and the process is terminated or restarted, depend- 
ing on the mode of operation of the channel. The 
point at which the Byte Count expires is called 'Ter- 
minal Count' and several status signals are depen- 
dent on this event. 


Each channel of the 82370 DMA Controller also 
contains a 32-bit Temporary Register for use in as- 
sembling and disassembling non-aligned data. The 
operation of this register is transparent to the user, 
although the contents of it may affect the timing of 
some DMA handshake sequences. Since there is 
data storage available for each channel, the DMA 
Controller can be interrupted without loss of data. 


To avoid unexpected results, care should be taken 
in programming the byte count correctly when as- 
sembing and disassembling non-aligned data. For 
example: 


Words to Bytes: 
Transferring two words to bytes, but setting the byte 
count to three, will result in three bytes transferred 
and the final byte flushed. 


Bytes to Words: 
Transferring six bytes to three words, but setting the 
byte count to five, will result in the sixth byte trans- 
ferred being undefined. 


The 82370 DMA Controller is a slave on the bus until 
a request for DMA service is received via either a 
software request command or a hardware request 
signal. The host processor may access any of the 
control/status or channel registers at any time the 
82370 is a bus slave. Figure 3-2 shows the flow of 
operations that the DMA Controller performs. 


At the time a DMA service request is received, the 
DMA Control/er issues a bus hold request to the 
host processor. The 82370 becomes the bus master 
when the host relinquishes the bus by asserting a 


hold acknowledge signal. The channel to be serv- 
iced will be the one with the highest priority at the 
time the DMA Controller becomes the bus master. 
The DMA Controller will remain in control of the bus 
until the hold acknowledge signal is removed, or un- 
til the current DMA transfer is complete. 


While the 82370 DMA Controller has control of the 
bus, it will perform the required data transfer(s). The 
type of transfer, source and destination addresses, 
and amount of data to transfer are programmed in 
the control registers of the DMA channel which re- 
ceived the request for service. 


At completion of the DMA process, the 82370 will 
remove the bus hold request. At this time the 82370 
becomes a slave again, and the host returns to be- 
ing a master. If there are other DMA channels with 
requests pending, the controller will again assert the 
hold request signal and restart the bus arbitration 
and switching process. 


Figure 3·2. Flow of DMA Controller 
Operation 


3.2 
Interface 
Signals 


There are fourteen control signals dedicated to the 
DMA process. They include eight DMA Channel Re- 
quests (DREQn),three Encoded DMA Acknowledge 
signals (EDACKn), Processor Hold and Hold Ac- 
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Figure 
3·3. Requester, 
Target 
and DMA Controller 
Interconnection 


knowledge 
(HOLD, 
HLDA), 
and 
End-of-Process 
(EOP#). 
The DREQn 
inputs and EDACK 
(0-2) 
out- 
puts are handshake 
signals to the devices 
requiring 
DMA service. The HOLD output and HLDA input are 
handshake 
signals to the host processor. 
Figure 3-3 
shows these 
signals and how they interconnect 
be- 
tween the 82370 DMA Controller, 
and the Requester 
and Target 
devices. 


3.2.1 DREQn 
and 
EDACK 
(O-2) 


These 
signals 
are the handshake 
signals 
between 
the peripheral 
and the 82370. 
When the peripheral 
requires 
DMA service, 
it asserts 
the DREQn 
signal 
of the channel 
which 
is programmed 
to perform 
the 
service. 
The 
82370 
arbitrates 
the 
DREQn 
against 
other 
pending 
requests 
and 
begins 
the 
DMA 
pro- 
cess after finishing 
other higher priority processes. 


When the DMA service 
for the requested 
channel 
is 
in progress, 
the EDACK (0-2) 
signals represent 
the 
DMA 
channel 
which 
is accessing 
the 
Requester. 
The 3-bit code on the EDACK 
(0-2) 
lines indicates 
the number of the channel 
presently 
being serviced. 
Table 3-2 shows the encoding 
of these signals. Note 
that Channel 
4 does not have a corresponding 
hard- 
ware acknowledge. 


The 
DMA 
acknowledge 
(EDACK) 
signals 
indicate 
the active channel 
only during DMA accesses 
to the 
Requester. 
During accesses 
to the Target, 
EDACK 
(0-2) 
has the 
idle code 
(100). 
EDACK 
(0-2) 
can 
thus be used to select 
a Requester 
device 
during a 
transfer. 


DREQn can be programmed 
as either an Asynchro- 
nous or Synchronous 
input. See section 3.4.1 for de- 
tails on synchronous 
versus asynchronous 
operation 
of these pins. 


Table 
3·2. EDACK 
Encoding 
During 
a DMA Transfer 


EDACK2 
EDACK1 
EDACKO 
Active 
Channel 


0 
0 
0 
0 
0 
0 
1 
1 
0 
1 
0 
2 
0 
1 
1 
3 
1 
0 
0 
Target Access 
1 
0 
1 
5 
1 
1 
0 
6 
1 . 
1 
1 
7 


The EDACKn 
signals are always active. 
They either 
indicate 
'no acknowledge' 
or they indicate 
a bus ac- 


cess to the requester. 
The acknowledge 
code is ei- 


ther 100, for an idle DMA or during a DMA access to 
the Target, 
or 'n' during a Requester 
access, 
where 
n is the 
binary 
value 
representing 
the 
channel. 
A 
simple 
3-line to 8-line decoder 
can be used to pro- 


vide discrete 
acknowledge 
signals 
for the peripher- 


als. 


3.2.2 HOLD 
AND 
HLDA 


The Hold Request 
(HOLD) 
and Hold Acknowledge 
(HLDA) 
signals 
are the handshake 
signals 
between 
the DMA Controller 
and the host processor. 
HOLD is 
an output 
from 
the 
82370 
and 
HLDA 
is an input. 


HOLD is asserted 
by the DMA Controller 
when there 
is a pending 
DMA request, thus requesting 
the proc- 


essor to give up control 
of the bus so the DMA pro- 


cess can take place. The 80376 responds 
by assert- 
ing HLDA when it is ready to relinquish 
control 
of the 
bus. 
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Table 
3-1. DMA Operating 
Modes 
The 
82370 
will 
begin 
operations 
on the 
bus one 
clock 
cycle 
after the HLDA signal 
goes active. 
For 
this reason, 
other 
devices 
on the bus should 
be in 
the slave mode when HLDA is active. 


HOLD and HLDA should 
not be used to gate or se- 
lect peripherals 
requesting 
DMA service. 
This is be- 
cause 
of 
the 
use 
of 
DMA-like 
operations 
by the 
DRAM Refresh 
Controller. 
The Refresh 
Controller 
is 
arbitrated 
with the DMA Controller 
for control 
of the 
bus, and refresh 
cycles 
have the highest 
priority. 
A 
refresh 
cycle 
will take 
place 
between 
DMA cycles 
without 
relinquishing 
bus control. 
See section 
3.4.3 
for a more detailed 
discussion 
of the interaction 
be- 
tween 
the DMA Controller 
and the DRAM 
Refresh 
Controller. 


3.2.3 EOP# 


EOP# 
is a bi-directional 
signal used to indicate 
the 
end of a DMA process. 
The 82370 activates 
this as 
an output during the T2 states of the last Requester 
bus cycle for which a channel 
is programmed 
to exe- 
cute. The Requester 
should 
respond 
by either with- 
drawing 
its DMA 
request, 
or interrupting 
the 
host 
processor 
to indicate 
that the channel 
needs to be 
programmed 
with a new buffer. As an input, this sig- 
nal is used to tell the DMA Controller 
that the periph- 
eral being serviced 
does not require any more data 
to 
be transferred. 
This 
indicates 
that 
the 
current 
buffer is to be terminated. 


EOP # can be programmed 
as either 
an Asynchro- 
nous or a Synchronous 
input. See section 
3.4.1 for 
details on synchronous 
versus asynchronous 
opera- 
tion of this pin .. 


3.3 Modes of Operation 


The 82370 
DMA Controller 
has many 
independent 
operating 
functions. 
When 
designing 
peripheral 
in- 
terfaces 
for the 
82370 
DMA 
Controller, 
all of the 
functions 
or modes 
must be considered. 
All of the 
channels 
are independent 
of each other 
(except 
in 
priority 
of operation) 
and can operate 
in any of the 
modes. 
Many of the operating 
modes, 
though 
inde- 
pendently 
programmable, 
affect 
the 
operation 
of 
other 
modes. 
Because 
of the large number 
of com- 
binations 
possible, 
each programmable 
mode is dis- 
cussed here with its affects on the operation 
of other 
modes. 
The entire 
list of possible 
combinations 
will 
not be presented. 


Table 
3-1 shows 
the 
categories 
of DMA 
features 
available 
in the 82370. 
Each of the five major cate- 
gories is independent 
of the others. The sub-catego- 
ries are the available 
modes 
within 
the major func- 


I. TARGET/REQUESTER 
DEFINITION 


a. Data Transfer 
Direction 


b. Device Type 


11. BUFFER 
PROCESSES 


a. Single Buffer Process 


b. Buffer Auto-Initialize 
Process 


c. Buffer Chaining 
Process 


Ill. 
DATA TRANSFER/HANDSHAKE 
MODES 


a. Single Transfer 
Mode 


b. Demand 
Transfer 
Mode 


c. Block Transfer 
Mode 


d. Cascade 
Mode 


IV. PRIORITY 
ARBITRATION 


a. Fixed 


b. Rotating 


c. Programmable 
Fixed 


V. BUS OPERATION 


a. Fly-By (Single-Cycle)/Two-Cycle 


b. Data Path Width 


c. Read, Write, or Verify Cycles 


tion 
or mode 
category. 
The following 
sections 
ex- 
plain each mode or function 
and its relation 
to other 
features. 


3.3.1 TARGET/REQUESTER 
DEFINITION 


All DMA transfers 
involve 
three 
devices: 
the 
DMA 
Controller, 
the Requester, 
and the Target. 
Since the 
devices 
to be accessed 
by the DMA Controller 
vary 
widely, 
the 
operating 
characteristics 
of 
the 
DMA 
Controller 
must 
be tailored 
to the 
Requester 
and 
Target 
devices. 


The Requester 
can be defined 
as either the source 
or the destination 
of the data to be transferred. 
This 
is done 
by specifying 
a Write 
or a Read 
transfer, 
respectively. 
In a Read 
transfer, 
the Target 
is the 
data source and the Requester 
is the destination 
for 
the data. 
In a Write 
transfer, 
the 
Requester 
is the 
source 
and the Target 
is the destination. 


The Requester 
and Target 
addresses 
can each be 
• 
independently 
programmed 
to be incremented, 
dec- 
I 
remented, 
or 
held 
constant. 
As 
an 
example, 
·the 
82370 
is capable 
of reversing 
a string 
of data 
by 
having 
the 
Requester 
address 
increment 
and 
the 
Target 
address 
decrement 
in a memory-to-memory 
transfer. 
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The 82370 DMA Controller allows three programma- 
ble Buffer Transfer Processes. These processes de- 
fine the logical way in which a buffer of data is ac- 
cessed by the DMA. 


The three Buffer Transfer Processes include the Sin- 
gle Buffer Process, the Buffer Auto-Initialize Pro- 
cess, and the Buffer Chaining Process. These pro- 
cesses require special programming considerations. 
See the DMA Programming section for more details 
on setting up the Buffer Transfer Processes. 


Single Buffer 
Process 


The Single Buffer Process allows the DMA channel 
to transfer only one buffer of data. When the buffer 
has 
been completely 
transferred 
(Current Byte 
Count decremented past zero or EOP# input ac- 
tive), the DMA process ends and the channel be- 
comes idle. In order for that channel to be used 
again, it must be reprogrammed. 


The Single Buffer Process is usually used when the 
amount of data to be transferred is known exactly, 
and it is also known that there is not likely to be any 
data to follow before the operating system can re- 
program the channel. 


Buffer 
Auto-Initialize 
Process 


The Buffer Auto-Initialize Process allows multiple 
groups of data to be transferred to or from a single 
buffer. This process does not require reprogram- 
ming. The Current Registers are automatically repro- 
grammed from the Base Registers when the current 
process is terminated, either by an expired Byte 
Count or by an external EOP# signal. The data 
transferred will always be between the same Target. 
and Requester. 


The auto-initialization/process-execution cycle is re- 
peated until the channel is either disabled or re-pro- 
grammed. 


Buffer 
Chaining 
Process 


The Buffer Chaining Process is useful for transfer- 
ring large quantities of data into non-contiguous 
buffer areas. In this process, a single channel is 
used to process data from several buffers, while 
having to program the channel only once. Each new 
buffer is programmed in a pipelined operation that 
provides the new buffer information while the old 
buffer is being processed. The chain is created by 
loading new buffer information while the 82370 DMA 
Controller is processing the Current Buffer. When 
the Current Buffer expires, the 82370 DMA Control- 
ler automatically restarts the channel using the new 
buffer information. 


Loading the new buffer information is done by an 
interrupt routine which is requested by the 82370. 
Interrupt Request 1 (IRQ1) is tied internally to the 
82370 DMA Controller for this purpose. IRQ1 is gen- 
erated by the 82370 when the new buffer informa- 
tion is loaded into the channel's Current Registers, 
leaving the Base Registers 'empty'. The interrupt 
service routine loads new buffer information into the 
Base Registers. The host processor is required to 
load the information for another buffer before the 
current Byte Count expires. The process repeats un- 
til the host programs the channel back to Singlebuff- 
er operation, or until the channel runs out of buffers. 


The channel runs out of buffers when the Current 
Buffer expires and the Base Registers have not yet 
been loaded with new buffer information. When this 
occurs, the channel must be reprogrammed. 


If an external EOP# is encountered while executing 
a Buffer Chaining Process, the current buffer is con- 
sidered expired and the new buffer information is 
loaded into the Current Registers. If the Base Regis- 
ters are 'empty', the chain is terminated. 


The channel uses the Base Target Address Register 
as an indicator of whether or not the Base Registers 
are full. When the most significant byte of the Base 
Target Register is loaded, the channel considers all 
of the Base Registers loaded, and removes the in- 
terrupt request. This requires that the other Base 
Registers (Base Requester Address, Base Byte 
Count) must be loaded before the Base Target Ad- 
dress Register. The reason for implementing the re- 
loading process this way is that, for most applica- 
tions, the Byte Count and the Requester will not 
change from one buffer to the next, and therefore do 
not need to be reprogrammed. The details of pro- 
gramming the channel for the Buffer Chaining Pro- 
cess can be found in the section on DMA program- 
ming. 


3.3.3 DATA TRANSFER 
MODES 


Three Data Transfer modes are available in the 
82370 DMA Controller. They are the Single Transfer, 
Block 
Transfer, 
and 
Demand Transfer 
Modes. 


These transfer modes can be used in conjunction 
with anyone of three Buffer Transfer modes: Single 
Buffer, Auto-Initialized Buffer and Buffer Chaining. 
Any Data Transfer Mode can be used under any of 
the Buffer Transfer Modes. These modes are inde- 
pendently available for all DMA channels. 


Different devices being serviced by the DMA Con- 
troller require different handshaking sequences for 
data transfers to take place. Three handshaking 
modes are available on the 82370, giving the de- 
signer the opportunity to use the DMA Controller as 
efficiently as possible. The speed at which data can 
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be presented or read by a device can affect the way 
a DMA Controller uses the host's bus, thereby af- 
fecting not only data throughput during the DMA pro- 
cess, but also affecting the host's performance by 
limiting its access to the bus. 


HOLD-HLDA-DACK handshake cycle. Figure 3-5 
shows the timing of the Single Transfer Mode cycle. 


INITIALIZEBUFFER 
Single Transfer 
Mode 


In the Single Transfer Mode, one data transfer to or 
from the Requester is performed by the DMA Con- 
troller at a time. The DREQn input is arbitrated and 
the HOLD/HLDA sequence is executed for each 
transfer. Transfers continue in this manner until the 
Byte Count expires, or until EOP# is sampled active. 
If the DREQn input is held active continuously, the 
entire DREQ-HOLD-HLDA-DACK sequence is re- 
peated over and over until the programmed number 
of bytes has been transferred. Bus control is re- 
leased to the host between each transfer. Figure 3-4 
shows the logical flow of events which make up a 
buffer transfer using the Single Transfer Mode. Re- 
fer to section 3.4 for an explanation of the bus con- 
trol arbitration procedure. 
ENDOF BUFFER 


The Single Transfer Mode is used for devices which 
require complete handshake cycles with each data 
access. Data is transferred to or from the Requester 
only when the Requester is ready to perform the 
transfer. Each transfer requires the entire DREQ- 


Figure 3-4. Buffer Transfer 
In Single Transfer 
Mode 


, CLK2 


CLK 


DREQn 


HOLD_-+__ ...;:;.., 


HLDA--+----r----+J 


A(1-23) ~~xxxxgx:~~~~)---t---~==:t==~ 
BLE#,BHE# .c. 
- - - - - - -- 
WR#,IA/IO# 
EDACK(O-2) ---+----r--~10~O~+---~---~---n~--~~-~1~OO~-- 


NOTE: 
The Single Transfer Mode is more efficient (15%-20%) 
in the case where the source is the Target. Because of the 
internal pipeline of the B2370 DMA Controller, two idle states are added at the end of a transfer in the case where the 
source is the Requester. 
. 


Figure 3-5. DMA Single Transfer 
Mode 
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Block Transfer 
Mode 


In the Block Transfer 
Mode, the DMA process 
is ini- 
tiated by a DMA request and continues 
unti the Byte 
Count expires, or until EOP" 
is activated 
by the Re- 
quester. 
The DREQn signal need only be held active 
until the first Requester 
access. 
Only a refresh cycle 
will interrupt 
the block transfer 
process. 


Figure 3-6 illustrates 
the operation 
of the DMA dur- 
ing the Block Transfer 
Mode. 
Figure 3-7 shows 
the 
timing of the handshake 
signals during 
Block 
Mode 
Transfers. 


END Of 
BUffER 
290164-21 


Figure 3·6. Buffer Transfer 
In Block Transfer 
Mode 
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ClK 


DREQn 


HOLD __ 
-+__ ~ 


HLDA __ 
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Figure 3·7. Block Mode Transfers 
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Demand 
Transfer 
Mode 


J 


The Demand Transfer Mode provides the most flex- 
ible handshaking procedures during the DMA pro- 
cess. A Demand Transfer is initiated by a DMA re- 
quest. The process continues until the Byte Count 
expires, or an external EOP# is encountered. If the 
device being serviced (Requester) desires, it can in- 
terrupt 
the 
DMA process 
by 
de-activating 
the 
DREQn line. Action is taken on the condition of 
DREQn during Requester accesses only. The ac- 
cess during which DREQn'is sampled inactive is the 
last Requester access which will be performed dur- 
ing the current transfer. Figure 3-8 shows the flow of 
events during the transfer of a buffer in the Demand 
Mode. 


When the DREQn line goes inactive, the DMA Con- 
troller will complete the current transfer, including 
any necessary accesses to the Target, and relin- 
quish control of the bus to the host. The current pro- 
cess information is saved (byte count, Requester 
and Target addresses, and Temporary Register). 


The Requester can restart the transfer process by 
reasserting DREQn. The 82370 will arbitrate the re- 
quest with other pending requests and begin the 
process,where it left off. Figure 3-9 shows the timing 
of handshake signals during Demand Transfer Mode 
operation. 


INITIALIZE 
BUFFER. 


,END OF BUFFER 
290164-23 


Figure 3-8. Buffer Transfer 
in Demand Transfer 
Mode 
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HlDA 
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READY# 
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T1 
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Figure 3-9. Demand 
Mode Transfers 
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Using the Demand Transfer Mode allows peripherals 
to access memory in small, irregular bursts without 
wasting bus control time. The 82370 is designed to 
give the best possible bus control latency in the De- 
mand Transfer Mode. Bus control latency is defined 
here as the time form the last active bus cycle of the 
previous bus master to the first active bus cycle of 
the new bus master. The 82370 DMA Controller will 
perform its first bus access cycle two bus statesaf- 
ter HLDA goes active. In the typical configuration, 
bus control is returned to the host one bus state 
after the DREQn goes inactive. 


There are two cases where there may be more than 
one bus state of bus control latency at the end of a 
transfer. The first is at the end of an Auto-Initialize 
process, and the second is at the end of a process 
where the source is the Requester and Two-Cycle 
transfers are used. 


When a Buffer Auto-Initialize Porcess is complete, 
the 82370 requires seven bus states to reload the 
Current Registers from the Base Registers of the 
Auto-Initialized channel. The reloading is done while 
the 82370 is still the bus master so that it is prepared 
to service the channel immediately after relinquish- 
ing the bus, if necessary. 


In the case where the Requester is the source, and 
Two-Cycle transfers are being used, there are two 
extra idle states at the end of the transfer process. 
This occurs due to the housekeeping in the DMA's 
internal pipeline. These two idle states are present 
only after the very last Requester access, before the 
DMA Controller de-activates the HOLD signal. 


3.3.4 CHANNEL 
PRIORITY 
ARBITRATION 


DMA channel priority can be programmed into one 
of two arbitration methods: Fixed or Rotating. The 
four lower DMA channels and the four upper DMA 
channels operate as if they were two separate DMA 
controllers operating in cascade. The lower group of 
four channels (0-3) 
is always prioritized between 
channels 7 and 4 of the upper group of channels (4- 
7). Figure 3-10 shows a pictorial representation of 
the priority grouping. 


The priority can thus be set up as rotating for one 
group of channels and fixed for the other, or any 
other combination. While in Fixed Priority, the pro- 
grammer can also specify which channel has the 
lowest priority. 


.I 


CHANNEL 
7 


CHANNEL 
6 
I 
CHANNEL 
5 


CHANNEL 
4 
CHANNEL 
3 


PHANTO~ -- 


CHANNEL 
2 
t 


CHANNEL 
1 


CHANNEL 
0 
1 


LOW 
PRIORITY 


HIGH 
PRIORITY 
290164-25 


Figure 3-10. DMA Priority Grouping 
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The 82370 DMA Controller defaults to Fixed Priority. 
Channel 0 has the highest priority, then 1, 2, 3, 4, 5, 
6, 7. Channel 7 has the lowest priority. Any time the 
DMA Controller arbitrates DMA requests, the re- 
questing channel with the highest priority will be 
serviced next. 


Fixed Priority can be entered into at any time by a 
software command. The priority levels in effect after 
the mode switch are determined by the current set- 
ting of the Programmable Priority. 


Programmable Priority is available for fixing the prior- 
ity of the DMA channels within a group to levels oth- 
er than the default. Through a software command, 
the channel to have the lowest priority in a group 
can be specified. Each of the two groups of four 
channels can have the priority fixed in this way. The 
other channels in the group will follow the natural 
Fixed Priority sequence. This mode affects only the 
priority levels while operating with Fixed Priority. 


For example, if channel 2 is programmed to have the 
lowest priority in its group, channel 3 has the highest 
priority. In descending order, the other channels 
would have the following priority: (3,0,1,2),4,5,6,7 
(channel 2 lowest, channel 3 highest). If the upper 


group were programmed to have channel 5 as the 
lowest priority channel, the priority would be (again, 
highest to lowest): 6,7, (3,0,1,2), 4,5. Figure 3-11 
shows this example pictorially. The lower group is 
always prioritized as a fifth channel of the upper 
group (between channels 4 and 7).. 


The DMA'Controller will only accept Programmable 
Priority commands while the addressed group is op- 
erating in Fixed Priority. Switching from Fixed to Ro- 
tating Priority preserves the current priority levels. 
Switching from Rotating to Fixed Priority returns the 
priority levels to those which were last programmed 
by use of Programmable Priority. 


Rotating Priority allows the devices using DMA to 
share the system bus more evenly. An individual 
channel does not retain highest priority after being 
serviced, priority is passed to the next highest priori- 
ty channel in the group. The channel which was 
most recently serviced inherits the lowest priority. 
This rotation occurs each time a channel is serviced. 
Figure 3-12 shows the sequence of events as priori- 
ty is passed between channels. Note that the lower 
group rotates within the upper group, and that serv- 
icing a channel within the lower group causes rota- 
tion within the group as well as rotation of the upper 
group. 


LOW PRIORITY 


CHANNEL 6 
CHANNEL :3 
CHANNEL 7 
CHANNEL 2 
PHANTOt.l 
~ 
CHANNEL 1 
CHANNEL 4 


CHANNEL 5 
CHANNEL 0 


HIGH PRIORITY 
290164-26 


Figure 3-11. Example 
of Programmed 
Priority 
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~ 
~ 
- 
default (highest to low- 
est) 
DREQ2 and DREQ6-process 
channel 2 


~ 
~ 
- 
channel 2 drops to low- 
est priority within group. 
Lower group 
drops to 
lowest priority within up- 
per group. (Double Rota- 
tion) 
DREQ6 (still) and DREQ7-process 
channel 6 
o~ 
~ - .channel 6 drops to low- 
est priority within group 
DREQ7 (still) and DREQO-process channel 7 


~ 
~ 
- 
channel 7 drops to low- 
est priority within group 
DREQO(still) and DREQ1-process 
channel 0 


~ 
~- 
channel 0 drops to low- 
est priority within group. 
(Double Rotation) 
DREQ1 (still)-process 
channel 1 


~ 
~ 
- 
channel 1 drops to low- 
est priority within group 


Figure 3-12. Rotating Channel Priority. 
Lower and upper groups are programmed 
for the Rotating Priority Mode. 


3.3.5COMBINING PRIORITY MODES 


Since the DMA Controller operates as two four- 
channel controllers in cascade, the overall priority 
scheme of all eight channels can take on a variety of 
forms. There are four possible combinations of prior- 
ity modes between the two groups of channels: 
Fixed Priority only (default), Fixed Priority upper 
group/Rotating Priority lower group, Rotating Priority 
upper group/Fixed Priority lower group, and Rotating 
Priority only. Figure 3-13 illustrates the operation of 
the two combined priority methods. 


Case 1- 
0-3 Fixed Priority, 4-7 Rotating Priority 
High 
Low 


Default priority 
~ 
~ 


After servicing channel 2 
~ 
~ 


After servicing channel 6 0 ~ 
~ 


After servicing channel 1 
~ 
~ 


Case 2- 
0-3 Rotating Priority, 4-7 Fixed Priority 
High 
Low 


Default priority 
~ 
~ 


After servicing channel 2 
~ 
~ 


After servicing channel 6 
.~ 
~ 


After servicing channel 1 
~ 
~ 


Figure 3-13. Combining Priority Modes 


3.3.6 BUS OPERATION 


Data may be transferred by the DMA Controller us- 
ing two different bus cycle operations: Fly-By (one- 
cycle) and Two-Cycle. These bus handshake meth- 
·ods are selectable independently for each channel 
through a command register. Device data path 
widths are independently programmable for both 
Target and Requester. Also selectable through soft- 
ware is the direction of data transfer. All of these 
parameters affect the operation of the 82370 on a 
bus-cycle by bus-cycle basis. 


3.3.6.1 Fly-By Transfers 


The Fly-By Transfer Mode is the fastest and most 
efficient way to use the 82370 DMA Controller to 
transfer data. In this method of transfer, the data is 
written to the destination device at the same time it 
is read from the source. Only one bus cycle is used 
to accomplish the transfer. 
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In the Fly-By Mode, the DMA acknowledge signal is 
used to select the Requester. The DMA Controller 
simultaneously places the address oUhe Target on 
the address bus. The state of M/IO# 
and W/R# 


during the Fly-By transfer cycle indicate the type of 
Target and whether the Target is being written to or 
read from. The Target's Bus Size is used as an in- 
crementer for the Byte Count. The Requester ad- 
dress registers are ignored during Fly-By transfers. 


Note that memory-to-memory transfers cannot be 
done using the Fly-By Mode. Only one memory of 
I/O address is generated by the DMA Controller at a 
time during Fly-By transfers. Only one of the devices 
being accessed can be selected by an address. 
Also, the Fly-By method of data transfer limits the 
hardware to accesses of devices with the same data 
bus width. The Temporary Registers are not affect- 
ed in the Fly-By Mode. 


Fly-By transfers also require that the data paths of 
the Target and Requester be directly connected. 
This requires that successive Fly-By access be to 
word boundaries, or that the Requester be capable 
of switching its connections to the data bus. 


3.3.6.2. Two-Cycle 
Transfers 


Two-Cycle transfers can also be performed by the 
82370 DMA Controller. These transfers require at 
least two bus cycles to execute. The data being 
transferred is read into the DMA Controller's Tempo- 
rary Register during the first bus cycle(s). The sec- 
ond bus cycle is used to write the data from the 
Temporary Register to the destination. 


If the addresses of the data being transferred are 
not word aligned, the 82370 will recognize the situa- 
tion and read and write the data in groups of bytes, 
placing them always at the proper destination. This 
process of collecting the desired bytes and putting 
them together is called "byte assembly". The re- 
verse process (reading from aligned locations and 
writing to non-aligned locations) is called "byte dis- 
assembly". 


The assembly/disassembly 
process takes place 


transparent to the software, but can only be done 
while using the Two-Cycle transfer method. The 
82370 will always perform the assembly/ disassem- 
bly process as necessary for the current data trans- 
fer. Any data path widths for either the Requester or 
Target can be used in the Two-Cycle Mode. This is 
very convenient for interfacing existing 8- and 16-bit 
peripherals to the 80376's 16-bit bus. 


The 82370 DMA Controller always reads and write 
data within the word boundaries; i.e. if a word to be 


read is crossing a word boundary, the DMA Control- 
ler will perform two read operations, each reading 
one byte, to read the 16-bit word into the Temporary 
Register. Also, the 82370 DMA Controller always at- 
tempts to fill the Temporary Register from the 
source before writing any data to the destination. If 
the process is terminated before the Temporary 
Register is filled (TC or EOP#), the 82370 will write 
the partial data to the destination. If a process is 
temporarily suspended (such as when DREQn is de- 
activated during a demand transfer), the contents of 
a partially filled Temporary Register will be stored 
within the 82370 until the process is restarted. 


For example, if the source is specified as an 8-bit 
device and the destination as a 32-bit device, there 
will be four reads as necessary from the 8-bit source 
to fill the Temporary Register. Then the 82370 will 
write the 32-bit contents to the destination in two 
cycles of 16-bit each. This cycle will repeat until the 
process is terminated or suspended. 


With Two-Cycle transfers, the devices that the 
82370 accesses can reside at any address within 
I/O or memory space. The device must be able to 
decode the byte-enables (BLE#, BHE#). Also, if the 
device cannot accept data in byte quantities, the 
programmer must take care not to allow the DMA 
Controller to access the device on any address oth- . 
er than the device boundary. 


3.3.6.3 Data Path Width and Data Transfer 
Rate 
Considerations 


The number of bus cycles used to transfer a single 
"word" of data is affected by whether the Two-Cycle 
or the Fly-By (Single-Cycle)transfer method is used. 


The number of bus cycles used to transfer data di- 
rectly affects the data transfer rate. Inefficient use of 
bus cycles will decrease the effective data transfer 
rate that can be obtained. Generally, the data trans- 
fer rate is halved by using Two-Cycle transfers in- 
stead of Fly-By transfers. 


The choice of data path widths of both Target and 
Requester affects the data transfer rate also. During 
each bus cycle, the largest pieces of data possible 
should be transferred. 


The data path width of the devices to be accessed 
must be programmed into the DMA controller. The 
82370 defaults after reset to 8-bit-to-8-bit data trans- 
fers, but the Target and Requester can have differ- 
ent data path widths, independent of each other and 
independent of the other channels. Since this is a 
software programmable function, more discussion of 
the uses of this feature are found in the section on 
programming. 
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3.3.6.4 Read, Write and Verify Cycles 


Three different bus cycles types may be used in a 
data' transfer. They are the Read, Write and Verify 
cycles. These cycle types dictate the way in which 
the 82370 operates on the data to be transferred. 


A Read Cycle transfers data from the Target to the 
Requester. A Write Cycle transfers data from the 
Requester to the target. In a Fly·By transfer, the ad- 
dress and bus status signals indicate the access 
(read of write) to the Target; the access to the Re- 
quester is assumed to be the opposite. 


The Verify Cycle is used to perform a data read only. 
No write access is indicated or assumed in a Verify 
Cycle. The Verify Cycle is useful for validating block 
fill operations. An external comparator must be pro- 
vided to do any comparisons on the data read. 


3.4 
Bus Arbitration 
and Handshaking 


Figure 3-14 shows the flow of events in the DMA 
request 
arbitration 
process. 
The 
arbitration 
se- 
quence starts when the Requester asserts a DREQn 
(or DMA service is requested by software). Figure 
3-15 shows the timing of the sequence of events 
following a DMA request. This sequence is executed 
for each channel that is activated. The DREQn sig- 
nal can be replaced by a software DMA channel re- 
quest with no change in the sequence. 


After the Requester asserts the service request, the 
82370 will request control of the bus via the HOLD 
signal. The 82370 will always assert the HOLD sig- 
nal one bus state after the service request is assert- 
ed. The 80376 responds by asserting the HLDA sig- 
nal, thus releasing control of the bus to the 82370 
DMA Controller. 


Priority of pending DMA service requests is arbitrat- 
ed during the first state after HLDA is asserted by 
the 80376. The next state will be the beginning of 
the first transfer access of the highest priority pro- 
cess. 


When the 82370 DMA Controller is finished with its 
current bus activity, it returns control of the bus to 
the host processor. This is done by driving the 
HOLD signal inactive. The 82370 does not drive any 
address or data bus signals after HOLD goes low. It 
enters the Slave Mode until another DMA process is 
requested. The processor acknowledges that it has 


regained control of the bus by forcing the HLDA sig- 
nal inactive. Note that the 82370's DMA Controller 
will not re-request control of the bus until the entire 
HOLD/HLDA handshake sequence is complete. 


WAIT FOR DREQn OR SonwARE 
REQUEST 


REQUESTER ASSERTS DREQn 


82370 
ASSERTS HOLD REQUEST 


80376 
ASSERTS HOLD ACKNOWLEDGE 


82370 
ARBITRATES PENDING REQUESTS 


82370 
PERFORWS HIGHEST PRIORITY 
TRANSFER (SEE DATA TRANSFER WODES) 


82370 
DE-ASSERTS 
HOLD REQUEST 


290164-27 


Figure 3-14. Bus Arbitration 
and DMA Sequence 


The 82370 DMA Controller will terminate a current 
DMA process for one of three reasons: expired byte 
count, end-of-process command (EOP# activated) 
from a peripheral, or deactivated DMA request sig- 
nal. In each case, the controller will de-assert HOLD 
immediately after completing the data transfer in 
progress. These three methods of process termina- 
tion are illustrated in Figures 3-16, 3-19 and 3-18, 
respectively. 


An expired byte count indicates that the current pro- 
cess is complete as programmed and the channel 
has no further transfers to process. The channel 
must be restarted according to the currently pro- 
grammed Buffer Transfer Mode, or reprogrammed 
completely, including a new Buffer Transfer Mode. 
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Channel 
priority 
resolution 
takes 
place 
during 
the bus state 
before 
HOLDA 
is asserted, 
allowing 
the DMA Controller 
to 
respond 
to HLDA without 
extra idle bus states. 


Figure 3-15. Beginning of a DMA process 


If the peripheral activates the EOP# signal, it is indi- 
cating that it will not accept or deliver any more data 
for the current buffer. The 82370 DMA Controller 
considers this as a completion of the channel's cur- 
rent process and interprets the condition the same 
way as if the byte count expired. 


transfer is complete. In the Single Mode, the control- 
ler will execute single data transfers, relinquishing 
the bus between each transfer, as long as DREOn is 
active. 


Normal termination of a DMA'process due to expira- 
tion of the byte count (Terminal Count-TC) 
is 
shown if Figure 3-16. The condition of DREOn is 
ignored until after the process is terminated. If the 
channel is programmed to auto-initialize, HOLD will 
be held active for an additional seven clock cycles 
while the auto-initialization takes place. 


The action taken by the 82370 DMA Controller in 
response to a de-activated DREOn signal depends 
on the Data Transfer Mode of the channel. In the 
Demand Mode, data transfers will take place as long 
as the DREOn is active and the byte count has not 
expired. In the Block Mode, the controller will com- 
plete the entire block transfer without relinquishing 
the bus, even if DREOn goes inactive before the 
Table 3-3 shows the DMA channel activity due to 
EOP# or Byte Count expiring (Terminal Count). 


Table 3-3. DMA Channel Activity Due to Terminal Count or External EOP# 


Single or 
Auto- 
Chalnlng-Base 
Buffer Process 
Chaining-Base 
Empty 
Initialize 
Loaded 


EVENT 


Terminal Count 
True 
X 
True 
X 
True 
X 
EOP# 
, 
X 
0 
X 
0 
X 
< 
0 


RESULTS 


Current Registers 
Load 
Load 
Load 
Load 
Channel Mask 
Set 
Set 
EOP# Output 
0 
X 
0 
X 
1 
X 
Terminal Count Status 
Set 
Set 
Set 
Set 
Software Request 
CLR 
CLR 
CLR 
CLR 
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Figure 3·16. Termination 
of a DMA Process 
Due to Expiration 
of Current 
Byte Count 


T2 


ClK2 


ClK 


DREQa 


DREQb 


HOLD 


HlDA 
I I 


-- 
CHANNEL A~ 
290164-30 


n 
Tx 
Tx 
n 


Figure 3·17. Switching 
between 
Active 
DMA Channels 
•.I.~-- CHANNEL B-- 


The 82370 always relinquishes control of the bus 
between channel services. This allows the hardware 
designer the flexibility to externally arbitrate bus hold 
requests, if desired. If another DMA request is pend- 
ing when a higher priority channel service is com- 
pleted, the 82370 will relinquish the bus until the 
hold acknowledge is inactive. One bus state after 
the HLDA signal goes inactive, the 82370 will assert 
HOLD again. This is illustrated in Figure 3-17. 


3.4.1 SYNCHRONOUS 
AND ASYNCHRONOUS 
SAMPLING 
OF DREQn 
AND EOP# 


As an indicator that a DMA service is to be started, 
DREQn is always sampled asynchronous. It is sam- 


pled at the beginning of a bus state and acted upon 
at the end of the state. Figure 3-15 illustrates the 
start of a DMA process due to a DREQn input. 


The DREQn and EOP# inputs can be programmed 
to be sampled either synchronously or asynchro- 
nously to signal the end of a transfer. 


The synchronous mode affords the Requester one 
bus state of extra time to react to an access. This 
means the Requester can terminate a process on 
the current access, without losing any data. The 
asynchronous mode requires that the input signal be 
presented prior to the beginning of the last state of 
the Requester access. 
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The timing relationships of the DREQn and EOP# 
signals to the termination of a DMA transfer are 
shown in Figures 3-18 and 3-19. Figure 3-18 shows 
the termination of a DMA transfer due to inactive 
DREQn. Figure 3-19 shows the termination of cl 
DMA process due to an active EOP# input. 


In the Synchronous Mode, DREQn and EOP# are 
sampled at the end of the last state of every Re- 
quester data transfer cycle. If EOP# is active or 
DREQn is inactive at this time, the 82370 recognizes 
this access to the Requester as the last transfer. At 
this point, the 82370 completes the transfer in prog- 
ress, if necessary, and returns bus control to the 
host. 


In the asynchronous mode, the inputs are sampled 
at the beginning of every state of a Requester ac- 
cess. The 82370 waits until the end of the state to 
act on the input. 


DREQn and EOP# are sampled at the latest possi- 
ble time when the 8237'0 can determine if another 
transfer is required. In the Synchronous Mode, 
DREQn and EOP# are sampled on the trailing edge 
of the last bus state before another data access cy- 
cle begins. The Asynchronous Mode requires that 
the signals be valid one clock cycle earlier. 


DREQn--~------~--~-l 
J-~gxgXgxgxgxgggxgxgxgggxKK 
(ASYNCHRONOUS) 
\. 


DREQn~gg~~--~~~~~~ 
__ ~~gxgXgxgxgx~~~~~~~ 
(SYNCHRONOUS) 
.lJ 


HOLD 


HlDA 
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Figure 3-18. Termination 
of a DMA Process 
due to De-Asserting 
DREQn 
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Figure 3-19. Termination 
of a DMA Process due to an External 
EOP# 
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While in the Pipeline Mode, if the NA# signal is sam- 
pled active during a transfer, the end of the state 
where NA# was sampled active is when the 82370 
decides whether to commit to another transfer. The 
device must de-assert OREQn or assert EOP# be- 
fore NA# is asserted, otherwise the 82370 will com- 
mit to another, possibly undesired, transfer. 


Synchronous OREQn and EOP# sampling allows 
the peripheral to prevent the next transfer from oc- 
curring by de-activating DREQn or asserting EOP# 
during the current Requester access, before the 
82370 DMA Controller commits itself to another 
transfer. The DMA Controller will not perform the 
next transfer if it has not already begun the bus cy- 
cle. Asynchronous sampling allows less stringent 
timing requirements than the Synchronous Mode, 
but requires that the DREQn signal be valid at the 
beginning of the next to last bus state of the current 
Requester access. 


Using the Asynchronous Mode with zero wait states 
can be very difficult. Since the addresses and con- 
trol signals are driven by the 82370 near half-way 
through the first bus state of a transfer, and the 
Asynchronous Mode requires that DREQn be inac- 
tive before the end of the state, the peripheral being 
accessed is required to present OREQn only a few 
nanoseconds after the control information is avail- 
able. This means that the peripheral's control logic 
must be extremely fast (practically non-causal). An 
alternative is the Synchronous Mode. 


3_4.2 ARBITRATION 
OF CASCADED 
MASTER 
REQUESTS 


The Cascade Mode allows another OMA-type de- 
vice to share the bus by arbitrating its bus accesses 
with the 82370's. Seven of the eight DMA channels 
(0-3 and 5-7) can be connected to a cascaded de- 
vice. The cascaded device requests bus control 
through the DREQn line of the channel which is pro- 
grammed to operate in Cascade Mode. Bus hold ac- 
knowledge is signalled to the cascaded device 
through the EDACK lines. When the EDACK lines 
are active with the code for the requested cascade 
channel, the bus is available to the cascaded master 
device. 


A cascade cycle begins the same way a regular 
DMA cycle begins. The requesting bus master as- 
serts the OREQn line on the 82370. This bus control 
request is arbitrated as any other OMA request 
would be. If any channel receives a OMA request, 
the 82370 requests control of the bus. When the 
host acknowledges that it has released bus control, 
the 82370 acknowledges to the requesting master 
that it may access the bus. The 82370 enters an idle 
state until the new master relinquishes control. 


A cascade cycle will be terminated by one of two 
events: DREQn going inactive, or HLDA going inac- 
tive. The normal way to terminate the cascade cycle 


80376 
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Figure 3-20. Cascaded 
Bus Master 
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is for the cascaded 
master to drop the DREQn 
sig- 
nal. Figure 3-21 shows the two cascade 
cycle termi- 
nation sequences. 


The Refresh 
Controller 
may interrupt 
the cascaded 
master to perform 
a refresh cycle. If this occurs, the 
82370 DMA Controller 
will de-assert 
the EDACK sig- 
nal (hold acknowledge 
to cascaded 
master) and wait 
for the cascaded 
master to remove 
its hold request. 


When the .82370 regains 
bus control, 
it will perform 
the refresh 
cycle in its normal 
fashion. 
After the re- 
fresh cycle has been completed, 
and if the cascad- 


ed device 
has re-asserted 
its request, the 82370 will 


return control 
to the cascaded 
master which was in- 
terrupted. 


The 82370 assumes 
that it is the only device 
moni- 
toring 
the 
HLDA 
signal. 
If the 
system 
designer 
wishes 
to place 
other 
devices 
on the 
bus as. bus 
masters, 
the HLDA from the processor 
must be in- 


tercepted 
before 
presenting 
it to the 82370. 
Using 
the Cascade 
capabililty 
of the 82370 DMA Controller 
offers 
a much better 
solution. 


3.4.3 ARBITRATION 
OF REFRESH 
REQUESTS 


The arbitration 
of refresh requests 
by the DRAM Re- 
fresh Controller 
is slightly different 
from normal DMA 


channel 
request 
arbitration. 
The 82370 
DRAM 
Re- 
fresh 
Controller 
always 
has the 
highest 
priority 
of 
any DMA process. 
It also can interrupt 
a process 
in 
progress. 
Two types of processes 
in progress 
may 
be encountered: 
normal 
DMA, and bus master 
cas- 
cade. 


In the event 
of a refresh 
request 
during 
a normal 
DMA process, 
the DMA Controller 
will complete 
the I 


data transfer 
in progress 
and then 
execute 
the re- 
fresh cycle 
before 
continuing 
with the current. DMA 
process. 
The 
priority 
of the 
interrupted 
process 
is 
not lost. If the data transfer 
cycle interrupted 
by the 
Refresh 
Controller 
is the last of a DMA process, 
the 
refresh cycle will always be executed 
before 
control 
of the bus is transferred 
back to the host. 


When the Refresh 
Controller 
request 
occurs 
during 
a cascade 
cycle. the Refresh 
Controller 
must be as- 
sured 
that 
the 
cascaded 
master 
device 
has relin- 
quished 
control 
of the bus before 
it can execute 
the 


refresh 
cycle. To do this, the DMA Controller 
drops 
the EDACK signal to the cascaded 
master and waits 
for the corresponding 
DREQn 
input to go inactive. 


By dropping 
the DREQn 
signal, the cascaded 
mas- 
ter relinquishes 
the bus. The Refresh Controller 
then 
performs 
the refresh 
cycle. Control 
of the bus is re- 
turned to the cascaded 
master 
if DREQn 
returns 
to 
an active 
state before 
the end of the refresh 
cycle, 
otherwise 
control 
is passed to the processor 
and the 
cascaded 
master 
loses its priority. 


Cascade 
cycle 
termination 
by DREOn inactive 
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Figure 
3·21. Cascade 
Cycle 
Termination 
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3.5 DMA Controller Register Overview 


The 82370 DMA Controller contains 44 registers 
which are accessable to the host processor. Twen- 
ty-four of these registers contain the device ad- 
dresses and data counts for the individual DMA 
channels (three per channel). The remaining regis- 
ters are control and status registers for initiating and 
monitoring the operation of the 82370 DMA Control- 
ler. Table 3-4 lists the DMA Controller's registers 
and their accessability. 


Table 3-4. DMA Controller Registers 


Register Name 
Access 


Control/Status 
Reglsters-one 
each per group 
Command Register I 
write only 
Command Register 11 
write only 
Mode Register I 
write only 
Mode Register 11 
write only 
Software Request Register 
read/write 
Mask Set-Reset Register 
write only 
Mask Read-Write Register 
read/write 
Status Register 
read only 
Bus Size Register 
write only 
Chaining Register 
read/write 
Channel Reglsters-one 
each per channel 
Base Target Address 
write only 
Current Target Address 
read only 
Base Requester Address 
write only 
Current Requester Address 
read only 
Base Byte Count 
write only 
Current Byte Count 
read only 


3.5.1 CONTROL/STATUS REGISTERS 


The following registers are available to the host 
processor for programming the 82370 DMA Control- 
ler into its various modes and for checking the oper- 
ating status of the DMA processes. Each set of four 
DMA channels has one of each of these registers 
associated with it. 


Command Register I 


Enables or disables the DMA channel as a group. 
Sets the Priority Mode (Fixed or Rotating) of the 
group. This write-only register is cleared by a hard- 
ware reset; defaulting to all channels enabled and 
Fixed Priority Mode. 


Command Register 11 


Sets the sampling mode of the DREQn and EOP# 
inputs. Also sets the lowest priority channel for the 
group in the Fixed Priority Mode. The functions pro- 
grammed through Command Register 11default after 


a hardware reset to: asynchronous DREQn and 
EOP#, and channels 3 and 7 lowest priority. 


Mode Registers I 


Mode Register I is identical in function to the Mode 
register of the 8237A. It programs the following func- 
tions for an individually selected channel: 
Type of Transfer-read, 
write, verify 
Auto-Initialize-enable 
or disable 
Target Address Count-increment 
or decrement 
Data Transfer Mode-demand, 
single, block, 


cascade 


Mode Register I functions default to the following 
after reset: verify transfer, Auto-Initialize disabled, In- 
crement Target address, Demand Mode. 


Mode Register 11 


Programs the following functions for an individually 
selected channel: 
Target Address Hold=enable or disable 
Requester Address Count-increment 
or 
decrement 
Requester Address Hold-enable 
or disable 
Target Device Type-I/O 
or Memory 
Requester Device Type-I/O 
or Memory 
Transfer Cycles- Two-Cycle or Fly-By 


Mode Register 11functions are defined as follows 
after a hardware reset: Disable Target Address Hold, 
Increment Requester Address, Target (and Re- 
quester) in memory, Fly-By Transfer Cycles. Note: 
Requester Device Type ignored in Fly-By Transfers. 


Software Request Register 


The DMA Controller can respond to service requests 
which are initiated by software. Each channel has an 
internal request status bit associated with it. The 
host processor can write to this register to set or 
reset the request bit of a selected channel. 


The status of a group's software DMA service re- 
quests can be read from this register as well. Each 
status bit is cleared upon Terminal Count or external 
EOP#. 


The software DMA requests are non-maskable and 
subject to priority arbitration with all other software 
and 
hardware 
requests. The 
entire 
register 
is 
cleared by a hardware reset. 


Mask Registers 


Each channel has associated with it a mask bit 
which can be set/reset to disable/enable that chan- 
nel. Two methods are available for setting and clear- 
ing the mask bits. The Mask Set/Reset Register is a 
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3.5.2 CHANNEL 
REGISTERS 
write-only register which allows the host to select an 
individual channel and either set or reset the mask 
bit for that channel only. The Mask ReadlWrite Reg- 
ister is available for reading the mask bit status and 
for writing mask bits in groups of four. 


The mask bits of a group may be cleared in one step 
by executing the Clear Mask Command. See the 
DMA Programming section for details. A hardware 
reset sets all of the channel mask bits, disabling all 
channels. 


Status 
Register 


The Status register is a read-only register which con- 
tains the Terminal Count (TC) and Service Request 
status for a group. Four bits indicate the TC status 
and four bits indicate the hardware request status 
for the four channels in the group. The TC bits are 
set when the Byte Count expires, or when and exter- 
nal EOP# is asserted. These bits are cleared by 
reading from the Status Register. The Service Re- 
quest bit for a channel indicates when there is a 
hardware DMA request (DREQn) asserted for that 
channel. When the request has been removed, the 
bit is cleared. 


Bus Size Register 


This write-only register is used to define the bus size 
of the Target and Requester of a selected channel. 
The bus sizes programmed will be used to dictate 
the sizes of the data paths accessed when the DMA 
channel is active. The values programmed into this 
register affect the operation of the Temporary Regis- 
ter. When 32-bit bus width is programmed, the 
82370 DMA Controller will access the device twice 
through its 16-bit external Data Bus to perform a 
32-bit data transfer. Any byte-assembly required to 
make the transfers using the specified data path 
widths will be done in the Temporary Register. The 
Bus Size register of the Target is used as an incre- 
ment! decrement value for the Byte Counter and 
Target Address when in the Fly-By Mode. Upon re- 
set, all channels default to 8-bit Targets and 8-bit 
Requesters. 


Chaining 
Register 


As a command or write register, the Chaining regis- 
ter is used to enable or disable the Chaining Mode 
for a selected channel. Chaining can either be dis- 
abled or enabled for an individual channel, indepen- 
dently of the Chaining Mode status of other chan- 
nels. After a hardware reset, all channels default to 
Chaining disabled. 


When read by the host, the Chaining Register pro- 
vides the status of the Chaining Interrupt of each of 
the channels. These interrupt status bits are cleared 
when the new buffer information has been loaded. 


Each channel has three individually programmable 
registers necessary for the DMA process; they are 
the Base Byte Count, Base Target Address, and 
Base Requester Address registers. The 24-bit Base 
Byte Count register contains the number of bytes to 
be transferred by the channel. The 24-bit Base Tar- 
get Address Register contains the beginning ad- 
dress (memory or 1/0) 
of the Target device. The 
24-bit Base Requester Address register contains the 
base address (memory or 1/0) of the device which is 
to request DMA service. 


Three more registers for each DMA channel exist 
within the DMA Controller which are directly related 
to the registers mentioned above. These registers 
contain the current status of the DMA process. They 
are the Current Byte Count register, the Current Tar- 
get Address, and the Current Requester Address. It 
is these registers which are manipulated (increment- 
ed, decremented, or held constant) by the 82370 
DMA Controller during the DMA process. The Cur- 
rent registers are loaded from the Base registers at 
the beginning of a DMA process. 


The Base registers are loaded when the host proc- 
essor writes to the respective channel register ad- 
dresses. Depending on the mode in which the chan- 
nel is operating, the Current registers are typically 
loaded in the same operation. Reading from the 
channel register addresses yields the contents of 
the corresponding Current register. 


To maintain compatibility with software which ac- 
cesses an 8237A, a Byte Pointer Flip-Flop is used to 
control access to the upper and lower bytes of some 
words of the Channel Registers. These words are 
accessed as byte pairs at single port addresses. The 
Byte Pointer Flip-Flop acts as a one-bit pointer 
which is toggled each time a qualifying Channel 
Register byte is accessed. 


It always points to the next logical byte to be ac- 
cessed of a pair of bytes. 


The Channel registers are arranged as pairs of 
words, each pair with its own port address. Address- 
ing the port with the Byte Pointer Flip-Flop reset ac- 
cesses the least significant byte of the pair. The 
most significant byte is accessed when the Byte 
Pointer is set. 


For compatibility with existing 8237A designs, there 
is one exception to the above statements about the 
Byte Pointer Flip-Flop. The third byte (bits 16-23) of 
the Target Address is accessed through its own port 
address. The Byte Pointer Flip-Flop is not affected 
by any accesses to this byte. 
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The upper eight bits of the Byte Count Register 
are 
cleared 
when the least significant 
byte of the regis- 
ter is loaded. 
This provides 
compatibility 
with soft- 
ware 
which 
accesses 
an 8237 A. The 
8237 A has 
16-bit Byte Count Registers. 


NOTE: 
The 
82370 
is a subset 
of the 
Intel 
82380 
32-bit 
DMA Controller 
with Integrated 
System 
Peripherals. 


Although 
the 82370 
has 24 address 
bits externally, 
the programming 
model is actually a full 32 bits wide. 
For this reason, there are some "hidden" 
DMA reg- 
isters in the 82370 
register 
set. These 
hidden 
regis- 
ters 
correspond 
to what 
would 
be A24-A31 
in a 
32-bit system. 


Think 
of the 82370 
addresses 
as though 
they were 
32 bits wide, 
with 
only the 
lower 
24 bits available 
externally. 


This should 
be of concern 
in two areas: 


1. Understanding 
the Byte Pointer 
Flip Flop 
2. Removing 
the IRQ1 Chaining 
Interrupt 


The byte pointer 
flip flop will behave 
as though 
the 
hidden 
upper address 
bits were accessible. 


The 
IRQ1 
Chaining 
Interrupt 
will be removed 
only 
when 
the 
hidden 
upper 
address 
bits 
are 
pro- 


grammed. 
You will note that since the hidden 
upper 
address 
bits are not available 
externally, 
the value 
you program 
into the registers 
is not important. 
The 
act of programming 
the hidden 
register 
is critical 
in 
removing 
the 
IRQ1 
Chaining 
interrupt 
for 
a DMA 
channel. 


The 
port 
assignments 
for these 
hidden 
upper 
ad- 


dress 
bits come 
directly 
from the port assignments 
of the Intel 82380. 
For your convenience, 
those port 
definitions 
have been included 
in this data sheet 
in 
section 
3.7. 
. 


3.5.3 TEMPORARY 
REGISTERS 


Each channel 
has a 32-bit Temporary 
Register 
used 
for temporary 
data 
storage 
during 
two-cycle 
PMA 
transfers. 
It is this register 
in which 
any necessary 
byte assembly 
and disassembly 
of non-aligned 
data 
is performed. 
Figure 3-22 shows how a block of data 
will be moved between 
memory 
locations 
with differ- 
ent boundaries. 
Note that the order of the data does 
not change. 


If the destination 
is the Requester 
and an early pro- 
cess termination 
has been indicated 
by the EOP# 
signal or DREQn 
inactive 
in the Demand 
Mode, the 
Temporary 
Register 
is not affected. 
If data remains 
in the Temporary 
Register 
due to differences 
in data 
path widths 
of the Target 
and Requester, 
it will not 
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= 000007H 


Figure 
3·22. Transfer 
of data between 
memory 
locations 
with 
different 
boundaries. 
This will be 
the result, 
Independent 
of data path width. 


be transferred 
or otherwise 
lost, but will be stored for 
later transfer. 


If the destination 
is the Target and the EOP# 
signal 
is sensed 
active 
during the Requester 
access 
of a 


transfer, 
the DMA Controller 
will complete 
the trans- 
fer by sending 
to the Target whatever 
information 
is 
in the 
Temporary 
Register 
at the 
time 
of process 
termination. 
This 
implies 
that 
the 
Target 
could 
be 
accessed 
with partial data in two accesses. 
For this 
reason 
it is advisable 
to have an 1/0 device 
desig- 


nated 
as a Requester, 
unless 
it is capable 
of han- 


dling partial data transfers. 


3.6 
DMA Controller 
Programming 


Programming 
a DMA Channel 
to perform 
a needed 
DMA function 
is in general 
a four step process. 
First 
the global attributes 
of the DMA Controller 
are pro- 
grammed 
via the two 
Command 
Registers. 
These 
global 
attributes 
include: 
priority 
levels, 
channel 
group enables, 
priority mode, and DREQn/EOP# 
in- 
put sampling. 


The 
second 
step 
involves 
setting 
the 
operating 
modes 
of the particular 
channel. 
The Mode 
Regis- 
ters are used to define the type of transfer 
and the 
handshaking 
modes. 
The 
Bus 
Size 
Register 
a.nd 
Chaining 
Register 
may also need to be programmed 
in this step. 


The third step in setting up the channel 
is to load the 
Base Registers 
in accordance 
with the needs of the 
operating 
modes 
chosen 
in step 
two. The 
Current 
Registers 
are automatically 
loaded 
from 
the 
Ba.se 
Registers, 
if required 
by the Buffer Transfer 
Mode in 
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3.6.1 BUFFER 
PROCESSES 
effect. The information loaded and the order in 
which it is loaded depends on the operating mode. A 
channel.used for cascading, for example, needs no 
buffer information and this step can be skipped en· 
tirely. 


The last step is to enable the newly programmed 
channel using one of the Mask Registers. The chan- 
nel is then available to perform the desired data 
transfer. The status of the channel can be observed 
at any time through the Status Register, Mask Reg· 
lster, Chaining Register, and Software Request reg· 
ister. 


Once the channel is programmed and enabled. the 
DMA process may be initiated in one of two ways. 
either by a hardware DMA request (DREQn) or a 
software request (Software Request Register). 


Once programmed to a particular Process/Mode 
configuration. the channel will operate in that conflq- 
uration until programmed otherwise. For this reason, 
restarting a channel after the current buffer expires 
does not require complete reprogramming of the 
channel. 
Only 
those 
parameters 
which 
have 
changed need to be reprogrammed. The Byte Count 
Register is always changed and must be repro- 
grammed. A Target or Requester Address Register 
which is incremented or decremented should be re- 
programmed also. 


The Buffer Process is determined by the Auto-Initial- 
ize bit of Mode Register I and the Chaining Register. 
If Auto-Initialize is enabled.,Chaining should not be 
used. 


3.6.1.1 Single Buffer 
Process 


The Single Buffer Process is programmed by dis- 
abling Chaining via the Chaining Register and pro- 
gramming Mode Register I for non-Auto-Initialize. 


3.6.1.2 Buffer Auto-Initialize 
Process 


Setting the Auto-Initialize bit in Mode Register I is all 
that is necessary to place the channel in this mode. 
Buffer Auto·lnitialize must not be enabled simulta- 
neous to enabling the Buffer Chaining Mode as this 
will have unpredictable results. 


Once the Base Registers are loaded. the channel is 
ready to be enabled. The channel will reload its Cur- 
rent Registers from the Base Registers each time 
the Current Buffer expires, either by an expired Byte 
Count or an external EOP#. 


INSTALL IRQ! 
INTERRUPT SERVICE ROUTINE 


SET THE CHANNEL TO NOi'\-CHAINING 
PROCESS 


PROGRAM THE MODE REGISTERS 


LOAD BASE REGISTERS fOR FIRST BUffER 


SET THE CHANNEL TO CHAINING PROCESS 


(IRQ! 
WILL BE ACTIVATED) 


ENABLE INTERRUPT 


fROM THIS POINT. THE HOST CAN PERfORM 
ANOTHER TASK. THE INTERRUPT SERVICE ROUTINE 
LEfT BEHIND WILL MAINTAIN THE CHANNEL. 


290164-35 


(IRQl 
WILL NEED SERVICE- 
LOAD BASE REGISTERS) 


Figure 3-23. Flow of Events in the Buffer Chaining 
Process 
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3.6.1.3 Buffer Chaining 
Process 


The Buffer Chaining Process is entered into from the 
Single Buffer Process. The Mode Registers should 
be programmed first, with all of the Transfer Modes 
defined as if the channel were to operate in the Sin- 
gle Buffer Process. The channel's Base Registers 
are then loaded. When the channel has been set up 
in this way, and the chaining interrupt service routine 
is in place, the Chaining Process can be entered by 
programming the Chaining Register. Figure 3-23 il- 
lustrates the Buffer Chaining Process. 


An interrupt (lRQ1) will be generated immediately at- 
ter the Chaining Process is entered, as the channel 
'then perceives the Base Registers as empty and in 
need of reloading. It is lmportantto 
have the inter- 
rupt service routine in place at the time the Chaining 
Process is entered into. The interrupt request is re- 
moved when the most Significant byte of the Base 
Target Address is loaded. 


The interrupt will occur again when the first buffer 
expires and the Current Registers are loaded from 
the Base Registers. The cycle continues until the 
Chaining Process is disabled, or the host fails to re- 
spond to IRQ1 before the Current Buffer expires. 


Exiting the Chaining Process can be done by reset- 
ting the Chaining Mode Register. If an interrupt is 
pending for the channel when the Chaining Register 
is reset, the interrupt request will be removed. The 
Chaining Process can be temporarily disabled by 
setting the channel's Mask bit in the Mask Register. 


The interrupt service routine for IRQ1 has the re- 
sponsibility of reloading the Base Registers as nec- 
essary. It should check the status of the channel to 
determine the cause of channel expiration, etc. It 
should also have access to operating system infor- 
mation regarding the channel, if any exists. The 
IRQ1 service routine should be capable of determin- 
ing whether the chain should be continued or termi- 
nated and act on that information. 


3.6.2 DATA TRANSFER 
MODES 


The Data Transfer Modes are selected via Mode 
Register I. The Demand, Single, and Block Modes 
are selected by bits 06 and 07. The individual trans- 
fer type (Fly-By vs Two-Cycle, Read-Write-Verify, 
and 1/0 vs Memory) is programmed through both of 
the Mode registers. 


3.6.3 CASCADED 
BUS MASTERS 


The Cascade Mode is set by writing ones to 07 and 
06 of Mode Register I. When a channel is pro- 


grammed to operate in the Cascade Mode, all of the 
other modes associated with Mode Registers I and 11 
are ignored. The priority and DREQn/EOP# defjini- 
tions of the Command Registers will have the same 
effect on the channel's operation as any other 
mode. 


3.6.4 SOFTWARE 
COMMANDS 


There are five port addresses which, whenwritten 
to, command certain operations to be performed by 
the 82370 DMA Controller. The data written to thElse 
locations is not of consequence, writing to the 10 :a- 
tion is all that is necessary to command the 823701to 
perform the indicated function. Following are je- 
scriptions 9f the command functions. 


Clear Byte Pointer 
Flip-Flop-Location 
OOOCH 


Resets the Byte Pointer Flip-Flop. This command 
should be performed at the beginning of any aCCElSS 
to the channel registers in order to be assured of 
beginning at a predictable place in the register pro- 
gramming sequence. 
' 


Master 
Clear-Location 
OOODH 


All DMA functions are set to their default states. "Phis 
command is the equivalent of a hardware reset to 
the DMA Controller. Functions other than those in 
the DMA Controller section of the 82370 are not af- 
fected by this command. 
Clear Mask Register-Channels 
0-3 
- 
Location OOOEH 
Channels 4-7 
- 
Location OOCEH 


This command simultaneously clears the Mask Bits 
of all channels in the addressed group, enabling all 
of the channels in the group. 


Clear TC Interrupt 
Request-Location 
001EH 


This command resets the Terminal Count lnterrupt 
Request Flip-Flop. It is provided to allow the pro- 
gram which made a software DMA request to ac- 
knowledge that it has responded to the expiration of 
the requested channel(s). 


3.7 
Register Definitions 


The following diagrams outline the bit definitions and 
functions of the 82370 DMA Controller's Status and 
Control Registers. The function and programming of 
the registers is covered in the previous section on 
OMA Controller Programming. An entry of "X" as a 
bit value indicates "don't care." 
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Channel Registers (read Current, write Base) 


Channel 
Register Name 
Address 
Byte 
Bits 
(hex) 
Pointer 
Accessed 


Channel 0 
Target Address 
00 
0 
0-7 
1 
8-15 
87 
x 
16-23 
10 
0' 
24-31(°) 
Byte Count 
01 
0 
0-7 
1 
8-15 
11 
0 
16-23 
Requester 
Address 
90 
0 
0-7 
1 
8-15 
91 
0 
16-23 
1 
24-31 
(0) 


Channel 
1 
Target Address 
02 
0 
0-7 
1 
8-15 
83 
x 
16-23 
12 
0 
24-31(°) 
Byte Count 
03 
0 
0-7 


1 
8-15 


r 
13 
0 
16-23 
Requester 
Address 
92 
0 
0-7 
1 
8-15 
93 
0 
16-23 
1 
24-31(°) 


Channel 
2 
Target Address 
04 ' 
0 
0-7 
1 
8-15 
81 
x 
16-23 
14 
0 
24-31(°) 
Byte Count 
05 
0 
0-7 
1 
8-15 
15 
0 
16-23 
Requester 
Address 
94 
0 
0-7 
1 
8-15 
95 
0 
16-23 
1 
24-31 
(0) 


Channel 3 
Target Address 
06 
0 
0-7 
1 
8-15 
82 
x 
16-23 
16 
0 
' 24-31(°) 
Byte Count 
07 
0 
0-7 
1 
8-15 
17 
0 
16-23 
Requester 
Address 
96 
'0 
0-7 
1 
8-15 
97 
0, 
16:-23 
1 
24-31(°) 
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Channel 
Register 
Name 
Address 
, 
Byte 
Bits 
(hex) 
Pointer 
Accessed 


Channel 4 
Target Address 
CO 
0 
0-7 
1 
8-15 
8F 
x 
16-23 
DO 
0 
24-31(*) 
Byte Count 
. C1 
0 
0-7 
1 
8-15 
01 
0 
16-23 
Requester Address 
98 
0 
0-7 
1 
8-15 
99 
0 
16-23 
1 
24-31(*) 


Channel 5 
Target Address 
C2 
0 
0-7 
1 
8-15 
8B 
x 
16-23 
02 
0 
24-31(*) 
ByteCount 
C3 
0 
0-7 
1 
8-15 
03 
0 
16-23 
Requester Address 
9A 
0 
0-7 
1 
8-15 
9B 
0 
16-23 


• 
1 
24-31(*) 


Channel 6 
Target Address 
C4 
0 
0-7 
1 
8-15 
89 
x 
16-23 
04 
0 
24-31(*) 
Byte Count 
", 
C5 
0 
0-7 


1- 
\ 
1 
8-15 
05 
0 
16-23 
Requester Address 
9C 
0 
0-7 
1 
8-15 
90 
0 
16-23 
1 
24-31(*) 


Channel 7 
Target Address 
C6 
0 
0-7 
1 
8-15 
8A 
x 
16-23 
. 
06 
0 
24-31 (*) 
Byte Count 
C7 
0 
0-7 
1 
8-15 
07 
0 
16-23 
Requester Address 
9E 
0 
0-7 
1 
8-15 
9F 
0 
16-23 
1 
24-31(*) 


Channel 
Registers 
(read Current, 
write Base) (Continued) 


NOTE: 
(')These, bits are not available externally. 
You need to be aware of their existence 
for chaining and Byte Pointer Flip-Flop 
operations. 
Please see section 3.5.2 for further details. 
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Command 
Register 
I (write 
only) 


PortAddresses- Channels0-3-000BH 
Channels4-7-00CBH 


07 
06 
OS 
04 
03 
02 
01 
DO 
I x 
x I x Ir 


x I x I 


GROUP MASK 
o = ENABLE CHANNELS 
1 = D1SABLE CHANNELS 


PRIORITY 
o = FIXED PRIORITY 
1 = ROTATING PRIORITY 
290164-36 


Command 
Register 
11(write 
only) 


PortAddresses- Channels0-3-001 AH 
Channels4-7-00DAH 


07 
06 
05 
04 
03 
02 
01 
co 


L-....L 
Lg~ 
:~~:~E'i.r:;;~~)SC6WEST 


01 = 
1(5) 
10 = 
2(6) 


11 = 
3(7) 


DREQN SAMPLING 


EOPI 
SAMPLING 
o = ASYNCHRONOUS 
1 = SYNCHRONOUS 


290164-37 


Mode Register 
I (write 
only) 


PortAddresses- Channels0-3-000BH 
Channels4-7-00CBH 


07 
06 
05 
04 
03 
02 
01 
co 
1~loolnl~lnlrol~lrol 
LL CHANNEL SELECT 
00 = CHANNEL 0(4) 
01 = 
1(5) 
10 = 
2(6) 
11 = 
3(7) 


TRANSFER TYPE 
00 = VERIFY 
01 = WRITE 
10 = READ 
11 = ILLEGAL 
XX IF IN CASCADE MODE 


AUTO-INITIALIZE 
o = DISABLE. 1 = ENABLE 


TARGET INCREMENT/DECREMENT 
o = INCREMENT TARGET 
1 = DECREMENT TARGET " 
X IF TARGET HOLD ENABLED 


DATA TRANSFER MODE 
00 = DEMAND MODE 
01 = SINGLE TRANSFER MODE 
10 = BLOCK 
WODE 
11 = CASCADE MODE 
2901.64-38 


"Target 
and Requester 
DECREMENT 
is allowed 
only for byte transfers. 
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Mode 
R .•"lster 
11(write 
only) 


Port Addresses- 
Channels 0-3-{)01 
BH 
Channels 4-7-{)ODBH 


07 
06 
05 
04 
03 
02 
01 
DO 
I CY I RD I TO I RH I RI I TH I Cl I CO I 
I 
I 


, 


CHANNEL SELECT 
SEE MODE REGISTER I 


TARGET HOLD 
o = INCREMENT/DECREMENT 
1 = HOLD 


REQUESTER INCREMENT 
o = INCREMENT 
1 = DECREMENT' 
X IF REQUESTER HOLD ENABLED 


REQUESTER HOLD 
o = INCREMENT/DECREMENT 
1 = HOLD 


TARGET DEVICE TYPE 


REQUESTER DEVICE TYPE 
0= 
MEMORY 
1 = INPUT/OUTPUT 


TRANSFER CYCLES 
o = ONE-CYCLE 
(FLY-BY) 
1 = TWO-CYCLE 
290164-39 


"Target 
and Requester 
DECREMENT 
is allowed 
only for byte transfers. 


Software 
Request 
Register 
(read/write) 


Port Addresses- 
Channels 0-3-{)009H 
Channels 4-7-{)OC9H 


Write Format: 
Software DMA Service Request 


07 
06 
05 
04 
03 
02 
01 
DO 
I x I x I x I x I x I R I Cl I CO I 
I 
I 
CHANNEL 
SELECT 
SEE MODE REGISTER I 


REQUEST SERVICE 
'------ 
0 = REMOVE: REQUEST 
1 = ASSERT REQUEST 
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Read Format: 
Software Requests Pending 


07 
06 
05 
04 
03 
02 
01 
DO 
1 = REQUEST PENDING 
I X I x I x I x ISR3 ISR2 ISRI ISROI 
I L CHANNEL 0(4) 
REQUEST 


CHANNEL 1(5) 
REQUEST 


CHANNEL 2(6) 
REQUEST 


CHANNEL 3(7) 
REQUEST 
290164-41 


Mask Set/Reset 
Register 
Individual 
Channel 
Mask (write 
only) 


Port Addresses- 
Channels 0-3-000AH 
Channels 4-7-00CAH 


I 


07 
06 
05 
04 
03 
02 
01 
DO 
I x I x I x I x I x I M I Cl I CO I 
I 
I 
CHANNEL SELECT 
SEE MODE REGISTER I 


MASK SET BIT 
1..-____ 
0 = CLEAR MASK 


1 = SET MASK 
290164-42 


Mask Read/Write 
Register 
Group Channel 
Mask (read/write) 


Port Addresses- 
Channels 0-3-000FH 
Channels 4-7-00CFH 


07 
06 
05 
04 
03 
02 
01 
DO 
I x I x I x I x I 1013I 1012I 1011I MO I 
I L CHANNEL 0(4) 
MASK BIT 


CHANNEL 1(5) 
MASK BIT 


CHANNEL 2(6) 
MASK BIT 


CHANNEL 3(7) 
MASK BIT 


MASK BIT = 0 - 
CHANNEL ENABLED 


= 1 - 
CHANNEL DISABLED 
290164-43 
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Status 
Register 
Channel 
Process 
Status (read only) 


Port Addresses- 
Channels 0-3--{)OOSH 
Channels 4-7--{)OCSH 


I R3 I R2 I Rl I RO ITC31 
TC2 ITCl ITCO I 
I L CHANNEL 0(4) EXPIRED 


CHANNEL 
1(5) 
EXPIRED 


CHANNEL 
2(6) 
EXPIRED 


CHANNEL 3(7) EXPIRED 
1 = EXPIRE[) 


CHANNEL 0(4) REQUEST 


CHANNEL 
1(5) 
REQUEST 


CHANNEL 
2(6) 
REQUEST 


CHANNEL 3(7) REQUEST 


1 = REQUEST PENDING 
290164-44 


07 
06 
05 
04 
03 
02 
01 
DO 


Bus Size Register 
Set Data Path Width (write 
only) 


Port Addresses- 
Channels 0-3--{)01SH 
Channels 4-7--{)ODSH 


REQUESTER BUS SIZE 
290164-45 


07 
06 
05 
04 
03 
02 
01 
DO 
IRBSl IRBSO ITBSl ITBSO I 
0 I 
0 I Cl I CO I 
I 
I 
CHANNEL 
SELECT 
SEE MODE REGISTER I 


TARGET BUS SIZE 


Bus Size Encoding: 


00 = Reserved 
by Intel 10 = 16-bit Bus 
01 = 32-bit 
Bus' 
11 = 8-bit Bus 
'If 
programmed 
as 32-bit 
bus width, 
the corresponding 
device 
will be accessed 
in two 16-bit cycles 
provided 
that the data is 
aligned 
within 
word 
boundary. 


Chaining 
Register 
(read/write) 


Port Addresses- 
Channels 0-3--{)019H 
Channels 4-7--{)OD9H 


WRITE fORMAT: 
SET CHAINING MODE 


L- 
CHAINING 
ENABLE: BIT 
o = DISABLE CHAINING MODE 
1 = ENABLE CHAINING 
MODE 
290164-46 


07 
06 
05 
04 
03 
02 
01 
DO 
I 0 I 0 I 0 I 0 I 0 I CH I Cl I CO I 
I 
I 
CHANNEL 
SELECT 
SEE MODE REGISTER I 
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READ FORMAT: 
CHANNEL 
INTERRUPT 
STATUS 


07 
06 
05 
04 
03 
02 
01 
DO 


CHANNEL 
0(4) 
BASE 
EMPTY 
L-__ 
CHANNEL 
1(5) 
BASE 
EMPTY 
1..- 
CHANNEL 
2(6) 
BASE 
EMPTY 


L.- 
CHANNEL 
3(7) 
BASE 
EMPTY 
290164-47 


3.8 8237 A Compatibility 


The register arrangement of the 82370 DMA Con- 
troller is a superset of the 8237A DMA Controller. 
Functionally the 82370 DMA Controller is very differ- 
ent from the 8237A. Most of the functions of the 
8237A are performed also by the 82370. The follow- 
ing discussion points out the differences between 
the 8237A and the 82370. 


The 8237A is limited to transfers between 1/0 and 
memory only (except in one special case, where two 
channels can be used to perform memory-to-memo- 
ry transfers). The 82370 DMA Controller can transfer 
between any combination of memory and I/O. Sev- 
eral other features of the 8237A are enhanced or 
expanded in the 82370 and other features are add- 
ed. 


The 8237A is an 8-bit only DMA device. For pro- 
gramming compatibility, all of the 8-bit registers are 
preserved in the 82370. The 82370 is programmed 
via 8-bit registers. The address registers in the 
82370 are 24-bit registers in order to support the 
80376's 24-bit bus. The Byte Count Registers are 
24-bit registers, allowing support of larger data 
blocks than possible with the 8237A. 


All of the 8237A's operating modes are supported 
by the 82370 (except the cumbersome two-channel 
memory-to-memory transfer). The 82370 performs 
memory-to-memory transfers using only one chan- 
nel. The 82370 has the added features of buffer 
pipelining (Buffer Chaining Process) and program- 
mable priority levels. 


The 82370 also adds the feature of address regis- 
ters for both destination and source. These address- 
es may be incremented, decremented, or held con- 
stant, as required by the application of the individual 
channel. This allows any combination of destination 
and source device. 


Each DMA channel has associated with it a Target 
and a Requester. In the 82:37A, the Target is the 
device which can be accessed by the'address regis- 
ter, the Requester is the device which is accessed 
by the DMA Acknowledge signals and must be an 
I/O device. 


4.0 PROGRAMMABLE 
INTERRUPT 
CONTROLLER 
(PlC) 


4.1 
Functional Description 


The 82370 Programmable Interrupt Controller (PlC) 
consists of three enhanced 02C59A Interrupt Con- 
trollers. These three controllers together provide 15 
external and 5 internal interrupt request inputs. Each 
external request input can be cascaded with an ad- , 
ditional 82C59A slave controller. This scheme al- 
lows the 82370 to support a maximum of 120 
(15 x 8) external interrupt request inputs. 


Following one or more interrupt requests, the 82370 
PlC issues an interrupt signal to the 80376. When 
the 80376 host processor responds with an interrupt 
acknowledge signal, the PlC will arbitrate between 
the pending interrupt requests and place the inter- 
rupt vector associated with the highest priority pend- 
ing request on the data bus. 


The major enhancement in the 82370 PlC over the 
82C59A is that each of the interrupt request inputs 
can be individually programmed with its own inter- 
rupt vector, allowing more fle>:ibilityin interrupt vec- 
tor mapping. 


4.1.1 INTERNAL 
BLOCK 
DIA.GRAM 


The block diagram of the 82370 Programmable In- 
terrupt Controller is shown in Figure 4-1. Internally, 
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4.1.2 INTERRUPT CONTROLLER BANKS 
the PlC consists of three 82C59A banks: A, Band C. 
The three banks are cascaded to one another: C is 
cascaded to B, B is cascaded to A. The INT output 
of Bank A is used externally to interrupt the 80376. 


Bank A has nine interrupt request inputs (two are 
unused), and Banks Band 
C have eight interrupt 
request inputs. Of the fifteen external interrupt re- 
quest inputs, two are shared by other functions. Spe- 
cifically, the Interrupt Request 3 input (IRQ3#) can 
be used as the Timer 2 output (TOUT2#). This pin 
can be used in three different ways: IRQ3# input 
only, TOUT2# 
output only, or using TOUT2# 
to 
generate an IRQ3# interrupt request. Also, the In- 
terrupt Request 9 input (IRQ9#) can be used as 
DMA Request 4 input (DREQ 4). Typically, only 
IRQ9# or DREQ4 can be used at a time. 


All three banks are identical, with the exception of 
the IRQ1.5 on Bank A. Therefore, only one bank will 
be discussed. In the 82370 PlC, all external requests 
can be cascaded into and each interrupt controller 
bank behaves like a master. As compared to the 
82C59A, the enhancements in the banks are: 


- 
All interrupt vectors are individually programma- 
ble. (In the 82C59A, the vectors must be pro- 
grammed in eight consecutive interrupt vector lo- 
cations.) 
- 
The cascade address is provided on the Data 
Bus (DO-D7). {In the 82C59A, three dedicated 
control signals (CASO,CAS1, CAS2) are used for 
master/slave cascading.) 


0 
1 
2 
INTERRUPT 
3 
~ 
4 
BANK 


5 
C 


6 
7 


8/1)- 
t-+ 
°1 
(IRQ10/l) 1.....+ 
2 
3 
INTERRUPT ~ 
4 
BANK 
B 
5 
6 
7 


O/l)-~ 
° 
1/1)- 
1 
.5/1)-t-+ 
1.5 
(IRQ2/1) 1.....+ 
2 
INTERRUPT f---+ 
3 
BANK 
4/1)~ 
4 
A 
USEO_ 
5 
USEO_ 
6 
7/1)~ 
7 


IRQ16/1 
IRQ17/1 
IRQ18/1 
IRQ19/1 
IRQ20/l 
IRQ21/1 
IRQ22/1 
IRQ23/1 


TOUTO(IRQ 
OREQ4/IRQ9/1 


IRQ11/1 
IRQ12/1 
IRQ13/1 
IRQ14/1 
IRQ15/1 


TOUT3#(IRQ 
CHAINING(IRQ 
ICW2 (IRQ 1 


TOUT2/1/IRQ3/1 
sw Req TC (IRQ 
NOT 
NOT 
DEFAULT(IRQ 


INT 
(OUTPUT) 


290164-48 


Figure 4·1. Interrupt Controller Block Diagram 
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INTERRUPT 
MASK 
REGISTER 
(IMR) 
The block diagram 
of a bank is shown in Figure 4-2. 


As can be seen from this figure, the bank consists 
of 
six 
major 
blocks: 
the 
Interrupt 
Request 
Register 
(IRR), 
the 
In-Service 
Register 
(ISR), 
the 
Interrupt 
Mask Register 
(IMR), the Priority Resolver 
(PR), the 
Vector 
Registers 
(VR), and the Control 
Logic. The 
functional 
description 
of each block 
is included 
be- 


, low. 


INTERRUPT 
REQUEST 
(IRR) AND 
IN-SERVICE 
REGISTER 
(ISR) 


The interrupts 
at the Interrupt 
Request 
(IRQ) input 
lines are handled 
by two registers 
in cascade, 
the 
Interrupt 
Request 
Register 
(IRR) and the In-Service 
Register 
(ISR). The IRR is used to store all interrupt 
levels which 
are requesting 
service; 
and the ISR is 
used 
to store 
all interrupt 
levels 
which 
are 
being 
serviced. 


PRIORITY 
RESOLVER 
(PR) 


This logic block determines 
the priorities 
of the bits 
set in the IRR. The highest 
priority 
is selected 
and 
strobed 
into the corresponding 
bit of the ISR during 
an Interrupt 
Acknowledge 
cycle. 


The 
IMR stores 
the 
bits which 
mask 
the 
interrupt 
lines to be masked 
(disabled). 
The IMR operates 
on 
the 
IRR. Masking 
of a higher 
priority 
input will not 
affect 
the interrupt 
request 
lines of lower priority. 


VECTOR 
REGISTERS 
(VR) 


This block 
contains 
a set of Vector 
Registers, 
one 
for each interrupt 
request 
line, to store the pre-pro- 
grammed 
interrupt 
vector 
number. 
The correspond- 
ing vector 
number 
will be driven 
onto the Data Bus 
of the 82370 
during 
the Interrupt 
Acknowledge 
cy- 
cle. 


CONTROL 
LOGIC 


The Control 
Logic coordinates 
the overall operations 
of the other 
internal 
blocks 
within 
the same 
bank. 
This logic will drive the Interrupt 
Output 
signal (INT) 
HIGH when one or more unmasked 
interrupt 
inputs 
are active (LOW). The INT output signal goes direct- 
ly to the 80376 
(in bank 
A) or to another 
bank 
to 
which this bank is cascaded 
(see Figure 4-1). Also, 
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this logic will recognize an Interrupt Acknowledge 
cycle (via M/IO#, D/C# and W/R# signals). During 
this bus cycle, the Control Logic will enable the cor- 
responding Vector Register to drive the interrupt 
vector onto the Data Bus. 


In bank A, the Control Logic is also responsible for 
handling the special ICW2 interrupt request input 
(IRQ1.5). 


4.2 
Interface 
Signals 


4.2.1 INTERRUPT 
INPUTS 


There are 15 external Interrupt Request inputs and 5 
internal Interrupt Requests. The external request in- 
puts are: IRQ3#, IRQ9#, IRQ11# to IRQ23#. They 
are shown in bold arrows in Figure 4-1. All IRQ in- 
puts are active LOW and they can be programmed 
(via a control bit in the Initialization Command Word 
1 (ICW1)) to be either edge-triggered or level-trig- 
gered. lri order to be recognized as a valid interrupt 
request, the interrupt input must be active (LOW) un- 
til the first INTA cycle (see Bus Functional Descrip- 
tion). Note that all 15 external Interrupt Request in- 
puts have weak internal pull-up resistors. 


As mentioned earlier, an 82C59A can be cascaded 
to each external interrupt input to expand the inter- 
rupt capacity to a maximum of 120 levels. Also, two 
of the interrupt inputs are dual functions: IRQ3# can 
be used as Timer 2 output (TOUT2#) and IRQ9# 
can be used as DREQ4 input. IRQ3# is a bidirec- 
tional dual function pin. This interrupt request input is 
wired-OR with the output of Timer 2 (TOUT2#). If 
only IRQ3# function is to be used, Timer 2 should 
be programmed so that OUT2 is LOW. Note that 
TOUT2# can also be used to generate an interrupt 
request to IRQ3# input. 


The five internal interrupt requests serve special 
system functions. They are shown in Table 4-1. The 
following paragraphs describe these interrupts. 


Table 4-1 82370 Internal Interrupt 
Requests 


Interrupt 
Request 
Interrupt 
Source 


IRQO# 
Timer 3 Output (TOUT3) 
IRQ8# 
Timer 0 Output (TOUTO) 
IRQ1# 
DMA Chaining Request 
IRQ4# 
DMA Terminal Count 
IRQ1.5# 
ICW2Written 


TIMER 
0 AND TIMER 
3 INTERRUPT 
REQUESTS 


IRQ8# and IRQO# interrupt requests are initiated 
by the output of Timers 0 and 3, respectively. Each 
of these requests is generated by an edge-detector 
flip-flop. 


The flip-flops are activated by the following condi- 
tions: 
Set 
- 
Rising edge of timer output (TOUT); 


Clear - 
Interrupt acknowledge for this request; OR 
Request is masked (disabled); OR Hard- 
w~re Reset. 


CHAINING 
AND TERMINAL 
COUNT 
INTERRUPTS 


These interrupt requests are generated 
by the 


82370 
DMA 
Controller. 
The 
chaining 
request 


(IRQ1#) indicates that the DMA Base Register is 
not loaded. The Terminal Count request (IRQ4#) in- 
dicates that a software DMA request was cleared. 


ICW2 INTERRUPT 
REQUEST 


Whenever an Initialization Control Word 2 (ICW2) is 
written to a Bank, a special ICW2 interrupt request is 
generated. The interrupt will be cleared when the 
newly programmed ICW2 Register is read. This in- 
terrupt request is in Bank A at level 1.5. This inter- 
rupt request is internally ORed with the Cascaded 
Request from Bank B and is always assiqned a high- 
er priority than the Cascaded Request. 


This special interrupt is provided to support compati-. 
bility with the original 82C59A. A detailed description 
of this interrupt is discussed in the Programming 
section. 


DEFAULT 
INTERRUPT 
(IRQU) 


During an Interrupt Acknowledge cycle, if there is no 
active pending request, the PlC will automatically 
generate a default vector. This vector corresponds 
to the IRQ7# vector in bank A. 


4.2.2 INTERRUPT 
OUTPUT 
(INT) 


The INT output pin is taken directly from bank A. 
This signal should be tied to the Maskable Interrupt 
Request (INTR) of the 80376. When this signal is 
active (HIGH), it indicates that one or more internal/ 
external interrupt requests are pending. The 80376 
is expected to respond with an interrupt acknowl- 
edge cycle. 


4.3 
Bus Functional Description 


The INT output of bank A will be activated as a result 
of any unmasked interrupt request. This may be a 
non-cascaded or cascaded request. After the PlC 
has driven the INT signal HIGH, the 80376 will re- 
spond by performing two interrupt acknowledge cy- 
cles. The timing diagram in Figure 4-3 shows a typi- 
cal interrupt acknowledge process between the 
82370 and the 80376 CPU. 
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NOTE: 
What is actually driven on the Data Bus depends on if the current interrupt request is a Slave Request. 
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Vector 
Slave Address 
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NON-SLAVE REQUEST 
SLAVE REQUEST 
·Slave will place a vector at this time. 


Figure 4·3. Interrupt Acknowledge 
Cycle 


After activating the INT signal, the 82370 monitors 
the status lines (M/IO#, 
D/C#, 
W/R#) 
and waits 
for the 80376 to initiate the first interrupt acknowl- 
edge cycle. In the 80376 environment, two succes- 
sive interrupt acknowledge cycles (INTA) marked by 
M/IO# = LOW, D/C# 
= LOW, and W/R#=LOW 
are performed. During the first INTA cycle, the PlC 
will determine the highest priority request. Assuming 
this interrupt input has no external Slave Controller 
cascaded to it, the 82370 will drive the Data Bus 
with OOH in the first INTAcycle. During the second 
INTA cycle, the 82370 PlC will drive the Data Bus 
with the corresponding pre-programmed interrupt 
vector. 


If the PlC determines (from the ICW3)that this inter- 
rupt input has an external Slave Controller cascaded 
to it, it will drive the Data Bus with the specific Slave 
Cascade Address (instead of OOH) during the first 
INTA cycle. This Slave Cascade Address is the pre- 
programmed content in the corresponding Vector 
Register. This means that no Slave Address should 
be chosen to be OOH. Note that the Slave Address 
and Interrupt Vector are different interpretations of 
the same thing. They are both the contents of the 
programmable Vector Register. During the second 
INTA cycle, the Data Bus will be floated so that the 
external Slave Controller can drive its interrupt vec- 
tor on the bus. Since the Slave Interrupt Controller 
resides on the system bus, bus transceiver enable 
and direction control logic must take this into consid- 
eration. 


In order to have a successful interrupt service, the 
interrupt request input must be held valid (LOW) until 
the beginning of the first interrupt acknowledge cy- 
cle. If there is no pending interrupt request when the 
first INTA cycle is generated, the PlC will generate a 
default vector, which is the IRQ7 vector (Bank A, 
level 7). 


According to the Bus Cycle definition of the 80376, 
there will be four Bus Idle States between the two 
interrupt acknowledge cycles. These idle bus cycles 
will be initiated by the 80376. Also, during each inter- 
rupt acknowledge cycle, the internal Wait State Gen- 
erator of the 82370 will automatically generate the 
required number of wait states for internal delays. 


4.4 Modes of Operation 


A variety of modes and commands are available for 
controlling the 82370 PlC. All of them are program- 
mable; that is, they may be changed dynamically un- 
der software control. In fact, each bank can be pro- 9 
grammed individually to operate in different modes. 
With these modes and commands, many possible 
configurations 
are 
conceivable, 
giving the 
user 


enough versatility for almost any interrupt controlled 
application. 


This section is not intended to show how the 82370 
PlC can be programmed. Rather, it describes the 
operation in different modes. 
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4.4.1 END-OF-INTERRUPT 
SPECIFIC 
EOI COMMAND 


Upon completion of an interrupt service routine, the 
interrupted bank needs to be notified so its ISA can 
be updated. This allows the PlC to keep track of 
which interrupt levels are in the process of being 
serviced and their relative priorities. Three different 
End-Ot-lnterrupt (EOI) formats are available. They 
are: Non-Specific EOI Command, Specific EOI Com- 
mand, and Automatic EOI Mode. Selection of which 
EOI to use is dependent upon the interrupt opera- 
tions the user wishes to perform. 


If the 82370 is NOT programmed in the Automatic 
EOI Mode, an EOI command must be issued by the 
80376 to the specific 82370 PlC Controller Bank. 
Also, if this controller bank is cascaded to another 
internal bank, an EOI command must also be sent to 
the bank to which this bank is cascaded. For exam- 
ple, if an interrupt request of Bank C in the 82370 
PlC is serviced, an EOI should be written into Bank 
C, Bank B and Bank A. If the request comes from an 
external interrupt controller cascaded to Bank C, 
then an EOI should be written into the external con- 
troller as well. 


NON-SPECIFIC 
EOI COMMAND 


A Non-Specific EOI command sent from the 80376 
lets the 82370 PlC bank know when a service rou- 
tine has been completed, without specification of its 
exact interrupt level. The respective interrupt bank 
automatically determines the interrupt level and re- 
sets the correct bit in the ISA. 


To take advantage of the Non-Specific EOI, the in- 
terrupt bank must be in a mode of operation in which 
it can predetermine its in-service routine levels. For 
this reason, the Non-Specific EOI command should 
only be used when the most recent level acknowl- 
edged and serviced is always the highest priority lev- 
el (i.e. in the Fully Nested Mode structure to be de- 
scribed below). When the interrupt bank receives a 
Non-Specific EOI command, it simply resets the 
highest priority ISA bit to indicate that the highest 
priority routine in service is finished. 


Special consideration should be taken when decid- 
ing to use the Non-Specific EOI command. Here are 
two operating conditions in which it is best NOT 
used since the Fully Nested Mode structure will be 
destroyed: 
- 
Using the Set Priority command within an inter- 
rupt service routine. 
- 
Using a Special Mask Mode. 


These conditions are covered in more detail in their 
own sections, but are listed here for reference. 


Unlike a Non-Specific EOI command which automat- 
ically resets the highest priority ISA bit, a Specific 
EOI command specifies an exact ISA bit to be reset. 
Anyone of the IAQ levels of an interrupt bank can 
be specified in the command. 


The Specific EOI command is needed to reset the 
ISA bit of a completed service routine whenever the 
interrupt bank is not able to automatically determine 
it. The Specific EOI command can be used in all 
conditions of operation, including those that prohibit 
Non-Specific 
EOI 
command 
usage 
mentioned 
above. 


AUTOM,ATIC 
EOI MODE 


When programmed in the Automatic EOI Mode, the 
80376 no longer needs to issue a command to notify 
the interrupt bank it has completed an interrupt rou- 
tine. The interrupt bank accomplishes this by per- 
forming a Non-Specific EOI automatically at the end 
of the second INTA cycle. 


Special consideration should be taken when decid- 
ing to use the Automatic EOI Mode because it may 
disturb the Fully Nested Mode structure. In the Auto- 
matic EOI Mode, the ISA bit of a routine in service is 
reset right after it is acknowledged, thus leaving no 
designation in the ISA that a service routine is being 
executed. If any interrupt request within the same 
bank occurs during this time and interrupts are en- 
abled, it will get serviced regardless of its priority. 
Therefore, when using this mode, the 80376 should 
keep its interrupt request input disabled during exe- 
cution of a service routine. By doing this, higher pri- 
ority interrupt levels will be serviced only after the 
completion of a routine in service. This guideline re- 
stores the Fully Nested Mode structure. However, in 
this scheme, a routine in service cannot be interrupt- 
ed since the host's interrupt request input is dis- 
abled. 


4.4.2 INTERRUPT 
PRIORITIES 


The 82370 PlC provides various methods for arrang- 
ing the interrupt priorities of the interrupt request in- 
puts to suit different applications. The following sub- 
sections explain these methods in detail. 


4.4.2.1 Fully Nested 
Mode 


The Fully Nested Mode of operation is a general pur- 
pose priority mode. This mode supports a multi-level 
interrupt structure in which all of the Interrupt Ae- 
quest (lAQ) inputs within one bank are arranged 
from highest to lowest. 
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Unless vtherwise programmed, the Fully Nested 
Mode is entered by default upon initialization. At this 
time, 
IRQO# 
is 
assigned 
the 
highest 
priority 
(priority= 0) and IRQ7# 
the lowest (priority= 7). 


This default priority can be Changed, as will be ex- 
plained later in the Rotating Priority Mode. 


When an interrupt is acknowledged, the highest pri- 
ority request is determined from the Interrupt Re- 
quest Register (IRR) and its vector is placed on the 
bus. In addition, the corresponding bit in the In-Serv- 
ice Register (ISR) is set to designate the routine in 
service. This ISR bit will remain set until the 80376 
issues an End Of Interrupt (EOI) command immedi- 
ately before returning from the service routine; or 
alternately, if the Automatic End Of Interrupt (AEOI) 
bit is set, the ISR bit will be reset at the end of the 
second INTA cycle. 


While the ISR bit is set, all further interrupts of the 
same or lower priority are inhibited. Higher level in- 
terrupts can still generate an interrupt, which will be 
acknowledgetl only if the 80376 internal interrupt en- 
able flip-flop has been reenabled (through software 
inside the current service routine). 


4.4.2.2 
Automatic 
Rotation-Equal 
Priority 
Devices 


Automatic rotation of priorities serves in applications 
where the interrupting devices are of equal priority 


\ 


within an interrupt bank. In this kind of environment, 
once a device is serviced, all other equal priority pe- 
ripherals should be given a chance to be serviced 
before the original device is serviced again. This is 
accomplished by automatically assigning a device 
the lowest priority after being serviced. Thus, in the 
worst case, the device would have to wait until all 
other peripherals connected to the same bank are 
serviced before it is serviced again. 


There are two methods of accomplishing automatic 
rotation. One is used in conjunction with the Non- 
Specific EOI command and the other is used with 
the Automatic EOI mode. These two methods are 
discussed below. 


ROTATE 
ON NON-SPECIFIC 
EOI COMMAND 


When the Rotate On Non-Specific EOI command is 
issued, the highest ISR bit is reset as in a normal 
Non-Specific EOI command. However, after it is re- 
set, the corresponding Interrupt Request (IRQ) level 
is assigned the lowest priority. Other IRQ priorities 
rotate to conform to the Fully Nested Mode based 
on the newly assigned low priority. 


Figure 4-4 shows ~ow the Rotate On Non-Specific 
EOI command affects the interrupt priorities. As- 
sume the IRQ priorities were assigned with IRQOthe 
highest and IRQ7 the lowest. IRQ6 and IRQ4 are 


IS7 
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153 
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ISl 
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ISR STATUS 


PRIORITY 


LOWEST PRIORITY 
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290164-51 


(AFTER 
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Figure 4-4. Rotate On Non-Specific 
EOI Command 


9-157 


82370 


already 
in service 
but neither 
is completed. 
Being 
the 
higher 
priority 
routine, 
IRQ4 
is necessarily 
the 
routine 
being 
executed. 
During the IRQ4 routine, 
a 
rotate 
on Non-Specific 
EOI command 
is executed. 


When 
this happens, 
Bit 4 in the ISR is reset. 
IRQ4 
then becomes 
the lowest priority and IRQ5 becomes 
the highest. 


ROTATE 
ON AUTOMATIC 
EOI MODE 


The 
Rotate 
On Automatic 
EOI Mode 
works 
much 
like the Rotate On Non-Specific 
EOI Command. 
The 
main difference 
is that priority rotation 
is done auto- 
matically 
after the second 
INTA cycle of an interrupt 
request. 
To enter or exit this mode, a Rotate-On-Au- 
tomatic-EOI 
Set Command 
and Rotate-On-Automat- 
ic-EOI Clear Command 
is provided. 
After this mode 
is entered, 
no other commands 
are needed as in the 
normal 
Automatic 
EOI Mode. 
However, 
it must 
be 
noted 
again that when 
using any form of the Auto- 
matic 
EOI 
Mode, 
special 
consideration 
should 
be 
taken. The guideline 
presented 
in the Automatic 
EOI 
Mode also applies 
here. 


4.4.2.3 Specific 
Rotation-Specific 
Priority 


Specific 
rotation 
gives the user versatile 
capabilities 
in interrupt 
controlled 
operations. 
It serves 
in those 
applications 
in which a specific 
device's 
interrupt 
pri- 
ority must be altered. 
As opposed 
to Automatic 
Ro- 
tation 
which 
will 
automatically 
set 
priorities 
after 


each interrupt 
request is serviced, 
specific 
rotation 
is 
completely 
user controlled. 
That is, the user selects 
which 
interrupt 
level is to receive 
the lowest 
or the 
highest 
priority. 
This can be done 
during 
the main 
program 
or within interrupt 
routines. 
Two specific 
ro- 


tation commands 
are available 
to the user: Set Prior- 
ity Command 
and 
Rotate 
On 
Specific 
EOI 
Com- 
mand. 


SET PRIORITY 
COMMAND 


The Set Priority Command 
allows the programmer 
to 
assign an IRQ level the lowest 
priority. 
All other 
in- 
terrupt 
levels will conform 
to the· Fully Nested 
Mode 
based on the newly assigned 
low priority. 


ROTATE 
ON SPECIFIC 
EOI COMMAND 


The Rotate 
On Specific 
EOI Command 
is literally 
a 
combination 
of the 
Set Priority 
Command 
and the 
Specific 
EOI Command. 
Like the Set Priority 
Com- 
mand, a specified 
IRQ level is assigned 
lowest priori- 
ty. Like the Specific 
EOI Command, 
a specified 
level 
will be reset in the ISA. Thus, this command 
accom- 
plishes 
both tasks in one single command. 


4.4.2.4 Interrupt 
Priority 
Mode 
Summary 


In order to simplify 
understanding 
the many modes 
of interrupt 
priority, Table 4-2 is provided 
to bring out 
their summary 
of operations. 


4.4.3 INTERRUPT 
MASKING 


VIA INTERRUPT 
MASK 
REGISTER 


Each bank in the 82370 
PlC has an Interrupt 
Mask 
Register 
(IMR) which enhances 
interrupt 
control 
ea- 


Table 4-2. Interrupt 
Priority 
Mode 
Summary 


Interrupt 
Operation 
Effect 
On Priority 
After 
EOI 
Priority 
Summary 
Mode 
Non-Speclflcl 
Automatic 
Specific 


Fully-Nested 
Mode 
IRQO # - Highest Priority 
No change in priority. 
Not Applicable. 


IRQ7 # - Lowest Priority 
Highest ISR bit is reset. 


Automatic 
Rotation 
Interrupt 
level just 
Highest ISR bit is reset 
Not Applicable. 
(Equal Priority Devices) 
serviced 
is the lowest 
and the corresponding 
priority. 
level becomes 
the lowest 


Other priorities 
rotate to 
priority. 


conform 
to Fully-Nested 
Mode. 


Specific 
Rotation 
User specifies 
the 
Not Applicable. 
As described 
under 
(Specific 
Priority Devices) 
lowest priority level. 
"Operation 
Summary". 


Other priorities 
rotate to 
conform 
to Fully-Nested 
Mode. 
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pabilities. 
This 
IMR allows 
individual 
IRQ masking. 
When an IRQ is masked, 
its interrupt 
request 
is dis- 
abled until it is unmasked. 
Each bit in the 8-bit IMR 
disables 
one interrupt 
channel 
if it is set (HIGH). Bit 
o masks 
IRQO, Bit 
1 masks 
IRQ1 
and 
so forth. 
Masking 
an IRQ channel 
will only disable 
the corre- 
sponding 
channel 
and does 
not affect 
the others' 
operations. 


The IMR acts only on the output of the IRR. That is, 
if an interrupt 
occurs 
while 
its IMR bit is set, this 
request 
is not "forgotten". 
Even with an IRQ input 
masked, 
it is still possible 
to set the IRR. Therefore, 
when the IMR bit is reset, an interrupt 
request to the 
80376 will then be generated, 
providing 
that the IRQ 
request 
remains 
active. 
If the 
IRQ 
request 
is re- 
moved 
before the IMR is reset, the Default 
Interrupt 
Vector 
(Bank A, level 7) will be generated 
during the 
interrupt 
acknowledge 
cycle. 


SPECIAL 
MASK 
MODE 


In the 
Fully 
Nested 
Mode, 
all IRQ levels 
of lower 
priority than the routine in service are inhibited. 
How- 
ever, in some applications, 
it may be desirable 
to let 
a lower priority interrupt 
request to interrupt 
the rou- 
tine 
in service. 
One 
method 
to achieve 
this 
is by 
using the Special 
Mask Mode. 
Working 
in conjunc- 
tion with the IMR, the Special 
Mask Mode enables 
interrupts 
from all levels except 
the level in service. 


. This is usually done inside an interrupt 
service 
rou- 
tine by masking 
the level that is in service 
and then 
issuing the Special 
Mask Mode Command. 
Once the 
Special 
Mask Mode 
is enabled, 
it remains 
in effect 
until it is disabled. 


4.4.4 EDGE OR LEVEL 
INTERRUPT 
TRIGGERING 


Each 
bank 
in" the 82370 
PlC can 
be programmed 
independently 
for either edge or level sensing for the 


interrupt 
request 
signals. 
Recall 
that all IRQ inputs 
are active 
LOW. 
Therefore, 
in the 
edge 
triggered 
mode, 
an active 
edge 
is defined 
as an input 
tran- 
sition from an inactive 
(HIGH) to active (LOW) state. 


The interrupt 
input may remain active without 
gener- 
ating another 
interrupt. 
During level triggered 
mode, 
an interrupt 
request 
will be recognized 
by an active 
(LOW) input, and there 
is no need for edge detec- 
tion. 
However, 
the 
interrupt 
request 
must 
be 
re- 
moved 
before 
the 
EOI Command 
is issued, 
or the 
80376 
must be disabled 
to prevent 
a second 
false 
interrupt 
from occurring. 
. 


In either modes, 
the interrupt 
request 
input must be 
active 
(LOW) during the first INT A cycle 
in order to 
be recognized. 
Otherwise, 
the Default 
Interrupt 
Vec- 
tor will be generated 
at level 7 of Bank A. 


4.4.5 INTERRUPT 
CASCADING 


As mentioned 
previously, 
the 82370 allows for exter- 
nal Slave interrupt 
controllers 
to be cascaded 
to any 
of its external 
interrupt 
request 
pins. The 82370 
PlC 
indicates 
that an external 
Slave 
Controller 
is to be 
serviced 
by putting the contents 
of the Vector 
Regis- 


ter 
associated 
with 
the 
particular 
request 
on 
the 
80376 
Data Bus during the first INT A cycle (instead 
of OOH during a non-slave 
service). The external 
log- 
ic should 
latch the vector 
on the Data Bus using the 
INTA status signals and use it to select the external 
Slave Controller 
to be serviced 
(see Figure 4-5). The 
selected 
Slave will then respond 
to the second 
INTA 
cycle 
and 
place 
its vector 
on the 
Data 
Bus. 
This 
method 
requires 
that 
if external 
Slave 
Controllers 
are used 
in the system, 
no vector 
should 
be pro- 
grammed 
to OOH. 


Since th~ external 
Slave Cascade 
Address 
is provid- 


ed on ,the Data Bus during INTA cycle 1, an external 
latch is required to capture this address for the Slave 
Controller. 
A simple 
scheme 
is depicted 
in Figure 
4-5 below. 


POSITIVE 
I 


EDGE 


82370 
MASTER/SLAVE 


D(orzL,. 
FLIP-FLOP 
CAS(0-7) 
IN 
OUT -.TO 
SLAVE 
8259'. 
ClK 
I 
-.-J 
DATA BUS 
INTAH 
'--.r 
(FROM BUS CONTROllER) 
• 
~ 
LATCH HERE 
290164-52 


Figure 
4-5. Slave Cascade 
Address 
Capturing 
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4.4.5.1 Special 
Fully Nested 
Mode 


This 
mode 
will 
be 
used 
where 
cascading 
is ern- 
ployed 
and 
the 
priority 
is to be conserved 
within 
each 
Slave 
Controller. 
The 
Special 
Fully 
Nested 
Mode is similar to the "regular" 
Fully Nested 
Mode 
with the following 
exceptions: 


- 
When an interrupt 
request 
from a Slave Control- 
ler 
is 
in service, 
this 
Slave 
Controller 
is 
not 
locked 
out from the Master's 
priority 
logic. 
Fur- 
ther 
interrupt 
requests 
from 
the 
higher 
priority 
logic 
within 
the 
Slave 
Controller 
will be recog- 
nized by the 82370 PlC and will initiate interrupts 
to the 80376. 
In comparing 
to the "regular" 
Fully. 


Nested Mode, the Slave Controller 
is masked out 
when 
its request 
is in service 
and no higher 
re- 
quests 
from 
the same 
Slave 
Controller 
can be 
serviced. 


- 
Before 
exiting 
the 
interrupt 
service 
routine, 
the 
software 
has to check whether 
the interrupt serv- 
iced was the only request 
from the Slave Con- 
troller. 
This 
is done 
by sending 
a Non-Specific 
EOI Command 
to the Slave Controller 
and then 
reading 
its In Service 
Register. 
If there 
are no 
requests 
in the Slave Controller, 
a Non-Specific 
EOI can be sent to the corresponding 
82370 PlC 
bank also. Otherwise, 
no EOI should 
be sent. 


4.4.6 READING 
INTERRUPT 
STATUS 


The 82370 PlC provides 
several ways to read differ- 
ent status 
of each 
interrupt 
bank for more flexible 
interrupt 
control 
operations. 
These 
include 
polling 
the 
highest 
priority 
pending 
interrupt 
request 
and 
readinq the contents 
of different 
interrupt 
status reg- 
isters. 


4.4.6.1 Poll Command 


The 
82370 
PlC supports 
status 
polling 
operations 
with 
the 
Poll 
Command. 
In a Poll Command, 
the 
pending 
interrupt 
request 
with 
the 
highest 
priority 
can be determined. 
To use this command, 
the INT 
output is not used, or the 80376 interrupt 
is disabled. 


Service to devices 
is achieved 
by software 
using the 
Poll Command. 


This mode 
is useful 
if there 
is a routine 
command 


. common 
to 
several 
levels 
so 
that 
the 
INTA 
se- 
quence 
is not needed. 
Another 
application 
is to use 
the Poll Command 
to expand 
the number 
of priority 
levels. 


Notice 
that 
the ICW2 mechanism 
is not supported 
for the 
Poll Command. 
However, 
if the 
Poll Com- 
mand 
is used, the programmable 
Vector 
Registers 
are of no concern 
since no INTA cycle will be gener- 
ated. 


4.4.6.2 Reading 
Interrupt 
Registers 


The 
contents 
of each 
interrupt 
register 
(IRR, 
ISR, 
and IMR) can be read to update the user's 
program 
on the present 
status of the 82370 
PlC. This can be 
a versatile 
tool in the decision 
making 
process 
of a 
service 
routine, 
giving 
the 
user 
more 
control 
over 
interrupt 
operations. 


The 
reading 
of the 
IRR and 
ISR contents 
can 
be 
performed 
via the Operation 
Control 
Word 3 by us- 
ing a Read Status 
Register 
Command 
and the con- 
tent of IMR can be read via a simple read operation 
of the register 
itself. 
' 


4.5 
Register Set Overview 


Each bank of the 82370 PlC consists 
of a set of 8-bit 
registers 
to control 
its operations. 
The address 
map 
of all the 
registers 
is shown 
in Table 
4-3 
below. 


Since all three register sets are identical 
in functions, 
only one set will be described. 


Functionally, 
each 
register 
set can be divided 
into 
five 
groups. 
They 
are: 
the 
four 
Initialization 
Com- 
mand 
Words 
(ICW's), 
the 
three 
Operaticn 
Control 
Words 
(OCW's), 
the Poll/Interrupt 
Request/ln-Sorv- 
ice Register, 
the 
Interrupt 
Mask 
Register, 
and the 
Vector 
Registers. 
A description 
of each 
group 
fol- 
lows. 
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Table 4·3. Interrupt 
Controller 
Register 
Address 
Map 


Port 
Access 
Register 
Description 
Address 


20H 
Write 
Bank B ICW1, OCW2, or OCW3 
Read 
Bank B Poll, Request or In-Service 
Status Register 
21H 
Write 
Bank B ICW2, ICW3, ICW4, OCW1 
Read 
Bank B Mask Register 
22H 
Read 
BankB 
ICW2 
28H 
Read/Write 
IRQ8 Vector Register 
29H 
Read/Write 
IRQ9 Vector Register 
2AH 
Read/Write 
Reserved 
2BH 
Read/Write 
IRQ11 V~ctor Register 
2CH 
Read/Write 
IRQ12 Vector Register 
2DH 
Read/Write 
IRQ13 Vector 
Register 
2EH 
Read/Write 
IRQ14 Vector Register 
2FH 
Read/Write 
IRQ15 Vector Register 


AOH 
Write 
Bank C ICW1, OCW2, or OCW3 
Read 
Bank C Poll, Request or In-Service 
Status Register 
A1H 
Write 
Bank C ICW2, ICW3, ICW4, OCW1 
Read 
Bank C Mask Register 
A2H 
Read 
BankCICW2 
A8H 
Read/Write 
IRQ16 Vector Register 
A9H 
Read/Write 
IRQ1? Vector Register 
AAH 
Read/Write 
IRQ18 Vector Register 
ABH 
Read/Write 
IRQ19 Vector Register 
ACH 
Read/Write 
IRQ20 Vector Register 
ADH 
Read/Write 
IRQ21 Vector Register 
AEH 
Read/Write 
IRQ22 Vector Register 
AFH 
Read/Write 
IRQ23 Vector Register 


30H 
Write 
Bank A ICW1, OCW2, or OCW3 
Read 
Bank A Poll, Request 
or In-Service 
Status Register 
31H 
Write 
Bank A ICW2, ICW3, ICW4, OCW1 
Read 
Bank A Mask Register 
32H 
Read 
BanklCW2 
38H 
Read/Write 
IRQO Vector Register 
39H 
Read/Write 
IRQ1 Vector Register 
3AH 
Read/Write 
IRQ1.5 Vector Register 
3BH 
Read/Write 
IRQ3 Vector Register 
3CH 
Read/Write 
IRQ4 Vector Register 
3DH 
Read/Write 
Reserved 
3EH 
Read/Write 
Reserved 
3FH 
Read/Write 
IRQ? Vector Register 
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ICW4 
4.5.1 INITIALIZATION 
COMMAND 
WORDS 
(ICW) 


Before normal operation can begin, the 82370 PlC 
must be brought to a known state. There are four 
8-bit Initialization Command Words in each interrupt 
bank to setup the necessary conditions and modes 
for proper operation. Except for the second com- 
mand word (ICW2)which is a read/write register, the 
other three are write-only registers. Without going 
into detail of the bit definitions of the command 
words, the following subsections give a brief de- 
scription of what functions each command word 
controls. 


ICW1 


The ICW1 has three major functions. They are: 
- 
To select between the two IRQ input triggering 
modes (edge- or level-triggered); 
- 
To designate whether or not the interrupt bank is 
to be used alone or in the cascade mode. If the 
cascade mode is desired, the interrupt bank will 
accept ICW3 for further cascade mode program- 
ming. Otherwise, no ICW3 will be accepted; 
- 
To determine whether or not ICW4will be issued; 
that is, if any of the ICW4 operations are to be 
used. 
' 


ICW2 


ICW2 is provided for compatibility with the 82C59A 
only. Its contents do not affect the operation of the 
interrupt bank in any way. Whenever the ICW2 of 
any of the three banks is written into, an interrupt is 
generated from bank A at level 1.5. The interrupt 
request will be cleared after the ICW2 register has 
been read by the 80376. The user is expected to 
program the corresponding vector register or to use 
it as an indicator that an attempt was made to alter 
the contents. Note that each ICW2 register has dif- 
ferent addresses for read and write operations. 


ICW3 


The interrupt bank will only accept an ICW3 if pro- 
grammed in the external cascade mode (as indioat- 
ed in ICW1). ICW3 is used for specific programming 
within the cascade mode. The bits in ICW3 indicate 
which interrupt request inputs have a Slave cascad- 
ed to them. This will subsequently affect the inter- 
rupt vector generation during the interrupt acknowl- 
edge cycles as described previously. 


The ICW4 is accepted only if it was selected in 
ICW1. This command word register serves two func- 
tions: 
- 
To select either the Automatic EOI mode or soft- 
ware EOI mode; 
- 
To select if the Special Nested mode is to be 
used in conjunction with the cascade mode. 


4.5.2 OPERATION 
CONTROL 
WORDS 
(OCW) 


Once initialized by the ICW's, the interrupt banks will 
be operating in the Fully Nested Mode by default 
and they are ready to accept interrupt requests. 
However, the operations of each interrupt bank can 
be further controlled or modified by the use of 
OCW's. Three OCW's are available for programming 
various modes and commands. Note that all OCW's 
are 8-bit write-only registers. 


The modes and operations controlled by the OCW's 
are: 
- 
Fully Nested Mode; 
- 
Rotating Priority Mode; 
- 
Special Mask Mode; 
Poll Mode; 
EOI Commands; 
Read Status Commands. 


OCW1 


OCW1 is used solely for masking operations. It pro- 
vides a direct link to the Internal Mask Register 
(IMR). The 80376 can write to this OCW register to 
enable or disable the interrupt inputs. Reading the 
'pre-programmed mask can be done via the Interrupt 
Mask Register which will be discussed shortly. 


OCW2 


OCW2 is used to select End-Of-Interrupt, Automatic 
Priority Rotation, and Specific Priority Rotation oper- 
ations. Associated commands and modes of thE~se 
operations are selected using the different combina- 
tions of bits in OCW2. 


Specifically, the OCW2 is used to: 
- 
Designate an interrupt level (0-7) to be used to 
reset a specific ISR bit or to set a specific priori- 
ty. This function can be enabled or disabled; 
- 
Select which software EOI command (if any) is to 
be executed (Le. Non-Specific or Specific EOI); 
- 
Enable one of the priority rotation operations (Le. 
Rotate On Non-Specific EOI, Rotate On Auto- 
matic EOI, or Rotate On Specific EOI). 
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There 
are three 
main categories 
of operation 
that' 


OCW3 controls. 
They are summarized 
as follows: 


- 
To select 
and execute 
the Read Status 
Register 
Commands, 
either reading the Interrupt 
Request 
Register 
(IRR) or the In-Service 
Register 
(ISR); 


- 
To issue the Poll Command. 
The Poll Command 
will override 
a Read Register 
Command 
if both 
functions 
are enabled 
simultaneously; 


- 
To set or reset the Special 
Mask Mode. 


4.5.3 POLL/INTERRUPT 
REQUEST/IN-SERVICE 
STATUS 
REGISTER 


As the name implies, this 8-bit read-only 
register has 
multiple 
functions. 
Depending 
on the command 
is- 


sued 
in the OCW3, 
the content 
of this register 
re- 
flects 
the 
result 
of the command 
executed. 
For a 
Poll Command, 
the register 
read contains 
the binary 
code of the highest 
priority 
level requesting 
service 
(if any). For a Read IRR Command, 
the register con- 


tent 
will 
show 
the 
current 
pending 
interrupt 
re- 


quest(s). 
Finally, for a Read ISR Command, 
this reg- 


ister will specify 
all interrupt 
levels which 
are being 
serviced. 


4.5.4 INTERRUPT 
MASK REGISTER 
(IMR) 


This is a read-only 
8-bit register 
which, 
when 
read, 


will specify 
all interrupt 
levels within the same bank 
that are masked. 


4.5.5 VECTOR 
REGISTERS 
(VR) 


Each interrupt 
request 
input has an s-blt read/write 
programmable 
vector register associated 
with it. The 
registers 
should be programmed 
to contain the inter- 
rupt vector 
for the corresponding 
request. 
The con- 
tents 
of the Vector 
Register 
will be placed 
on the 
Data Bus during the INTA cycles as described 
previ- 
ously. 


4.6 
Programming 


Programming 
the 82370 
PlC is accomplished 
by us- 
ing 
two 
types 
of 
command 
words: 
ICW's 
and 
OCW's. 
All modes 
and commands 
explained 
in the 
previous 
sections 
are 
programmable 
using 
the 
ICW's 
and OCW's'. The ICW's 
are issued 
from 
the 
80376 
in a sequential 
format 
and are used to setup 
the banks in the 82370 PlC in an initial state of oper- 
ation. The OCW's 
are issued as needed 
to vary and 
control 
the 82370 
PlC's operations. 


Both ICW's and OCW's are sent by the 80376 to the 
interrupt 
banks via the Data Bus. Each bank distin- 
guishes 
between 
the different 
ICW's and OCW's 
by 
the I/O address 
map, the sequence 
they are issued 
(ICW's only), and by some dedicated 
bits among the 
ICW's and OCW's. 


An 
example 
of 
programming 
the 
82370 
interrupt 
controllers 
is given in Appendix 
C (Programming 
the 
82370 
Interrupt 
Controllers). 


All three interrupt 
banks are programmed 
in a similar 
way. Therefore, 
only a single bank will be described 
in the following 
sections. 


4.6.1 INITIALIZATION 
(ICW) 


Before 
normal operation 
can begin, each bank must 
be initialized 
by programming 
a sequence 
of two to 
four bytes written 
into the ICW's. 


Figure 4-6 shows 
the initialization 
flow for an inter- 
rupt bank. Both ICW1 and ICW2 must be issued for 
any form of operation. 
However, 
ICW3 and ICW4 are 
used only if designated 
in ICW1. Once 
initialized, 
if 
any programming 
changes 
within 
the 
ICW's 
are to 
be made, the entire 
ICW sequence 
must be repro- 
grammed, 
not just an individuallCW. 


Note that although 
the ICW2's 
in the 82370 
PlC do 
not effect 
the 
Bank's 
operation, 
they 
still must 
be 
programmed 
in order 
to preserve 
the 
compatibility 
with the 82C59A. 
The contents 
programmed 
are not 
relevant 
to the 
overall 
operations 
of the 
interrupt 
banks. 
Also, whenever 
one.of 
the three 
ICW2's 
is 
programmed, 
an interrupt 
level 1.5 in Bank A will be 
generated. 
This 
interrupt 
request 
will 
be 
cleared 
upon reading 
of the ICW2 registers. 
Since the three 
• 
ICW2's 
share the same interrupt 
level and the sys- 
tem may not know the origin of the interrupt, 
all three 
ICW2's 
must be read. 
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(ICW2 
INTERRUPT 
GENERATED) 


, (ALLOW 
SERVICING 
Of 
ICW2 
INTERRUPT) 


'ICW2 
vector 
address 
must be programmed 
now. 
Other 
vector 
addresses 
may be programmed 
via ICW2 interrupt 
service 
routine. 


290164-53 


Figure 4-6. Initialization 
Sequence 


Certain internal setup conditions occur automatically 
within the interrupt bank after the first ICW (ICW1) 
has been issued. These are: 
- 
The edge sensitive circuit is reset, which means 
that following initialization, an interrupt request 
input must make a HIGH-to-LOW transition to 
generate an interrupt; 
- 
The Interrupt Mask Register (IMR) is cleared; 
that is, all interrupt inputs are enabled; 


- 
IRQ7 input of each bank is assigned priority 7 
(lowest); 


- 
Special Mask Mode is cleared and Status Read 
is set to IRR; 


- 
If no ICW4 is needed, then no Automatic-EOI is 
selected. 


4.6.2 VECTOR 
REGISTERS 
(VR) 


Each interrupt request input has a separate Vector 
Register. These Vector Registers are used to store 
the pre-programmed 
vector number corresponding 
to their interrupt sources. In order to guarantee prop- 
er interrupt handling, all Vector Registers must be 
programmed with the predefined vector numbers. 
Since an interrupt request will be generated whenev- 
er an ICW2 is written during the initialization SEl- 
quence, it is important that the Vector Register of 
IRQ1.Sin Bank A should be initialized and the inter- 
rupt service routine of this vector is set up before the 
ICW's are written. 
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4.6.3 OPERATION 
CONTROL 
WORDS 
(OCW) 


After the ICW's are programmed, 
the operations 
of 
each 
interrupt 
controller 
bank 
can 
be changed 
by 
writing into the OCW's 
as explained 
before. There is 
no special 
programming 
sequence 
required 
for the 
OCW's. 
Any OCW may be written 
at any time in or- 
der to change 
the mode of or to perform 
certain 
op- 
erations 
on the interrupt 
banks. 


4.6.3.1 
Read Status 
and Poll Commands 
(OCW3) 


Since the reading 
of IRR and ISR status as well as 
the result 
of a Poll Command 
are available 
on the 
same 
read-only 
Status 
Register, 
a special 
Read 
Status/Poll 
Command 
must 
be issued 
before 
the 
Poll/Interrupt 
Request/In-Service 
Status 
Register 
is 
read. This command 
can be specified 
by writing the 
required control word into OCW3. As mentioned 
ear- 
lier, if both the Poll Command 
and the Status 
Read 
Command 
are 
enabled 
simultaneously, 
the 
Poll 
Command 
will override 
the Status Read. That is, af- 
ter the command 
execution, 
the Status Register 
will 
contain 
the result of the Poll Command. 


4.7 Register Bit Definition 


INITIALIZATION 
COMMAND 
WORD 
1 (ICW1) 


07 
06 
05 
04 
03 
02 


Note that for reading 
IRR and ISR, there is no need 
to issue a Read Status Command 
to the OCW3 ev- 
ery time the IRR or ISR is to be read. Once a Read 
Status Command 
is received 
by the interrupt 
bank, it 


"remembers" 
which 
register 
is selected. 
However, 


this is not true when the Poll Command 
is used. 


In the Poll Command, 
after the OCW3 is written, 
the 
82370 
PlC treats the next read to the Status 
Regis- 
ter as an interrupt 
acknowledge. 
This will set the ap- 
propriate 
IS bit if there 
is a request 
and 
read 
the 
priority level. Interrupt 
Request 
input status 
remains 
unchanged 
from 
the 
poll 
Command 
to the 
Status 
Read. 


In addition 
to the above 
read commands, 
the Inter- 


rupt Mask 
Register 
(IMR) can also be read. When 
read, this register 
reflects 
the contents 
of the pre- 
programmed 
OCW1 
which 
contains 
information 
on 


which 
interrupt 
request(s) 
is(are) currently 
disabled. 


01 
DO 


o - 
EDGE TRIGGERED 
1 - 
LEVEL TRIGGERED 
o - 
EXTERNAL CASCADE 
(ICW3 
NEEDED) 
1 - 
NO EXTERNAL CASCADE 
(lCW3 
NOT NEEDED) 
290164-54 


INITIALIZATION 
COMMAND 
WORD 
2 (ICW2) 


I 07 I 06 I 05 I 04 I 03 I 02 I 01 I DO I 
I 
I 
! 
CONTENT IS NOT RELEVANT TO THE ACTUAL 
OPERATION OF THE BANK BUT CAN BE READ 
BY THE INTERRUPT SERVICE ROUTINE TO 
DETERIAINE WHERE THE INTERRUPT VECTORS 
OF EACH BANK START. 
290164-55 
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INITIALIZATION 
COMMAND 
WORD 
3 (ICW3) 


ICW3 for Bank A: 


o - 
NO SLAVE CASCADED TO BANK A 
1 - 
THERE IS A SLAVE CASCADED 
TO TOUT2#/IRQ3# 
PIN 
290164-56 


07 
06 
05 
04 
03 
02 
01 
DO 


ICW3 for Bank B: 


o - 
NO CASCADED REQUEST TO IRQN 
1 - 
THERE IS A CASCADED REQUEST 
CONNECTED TO IRQN (I.E. THE 
CORRESPONDING INTERRUPT 
REQUEST INPUTS) 
290164-57 


07 
06 
05 
04 
03 
02 
01 
DO 


ICW3 for Bank C: 


o - 
NO CASCADED REQUEST TO IRQN 
1 - 
THERE IS A CASCADED REQUEST 
CONNECTED TO IRQN 
290164-58 


07 
06 
05 
04 
03 
02 
01 
DO 


INITIALIZATION 
COMMAND 
WORD 
4 (ICW4) 


o = NORMAL 
EOI 
•••••--~ 
1 = AUTOMATIC EOI 


07 
06 
05 
04 
03 
02 
01 
DO 


•.... 
-+ 0 = NOT SPECIAL 
FULLY 
NESTED MODE 
1 = SPECIAL 
FULLY NESTED MODE 
290164-59 
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OPERATION 
CONTROL 
WORD 
1 (OCW1) 


07 
06· 
05 
04 
03 
02 
01 
DD 


MI = 1 MASK 
SET (INTERRUPT 
DISABLED) 
••••• -.-. 
MI = 0 MASK 
RESET (INTERRUPT 
ENABLED) 
290164-60 


OPERATION 
CONTROL 
WORD 
2 (OCW2) 


07 
01 
DD 
06 
05 
04 
03 
02 


0 
0 
1 
NON-SPECifiC 
EOI COMMAND 
0 
1 
1 
SPECIfiC 
EOI COMMAND 
1 
0 
1 
ROTATE ON 
NON-SPECifiC 
EOI 
1 
0 
0 
ROTATE ON AUTO-EOI 
MODE ~SET) 
0 
0 
0 
ROTATE ON AUTO-EOI 
MODE 
CLEAR) 


1 
1 
1 
ROTATE ON SPECifiC 
EOI (L2-LO 
USED) 
1 
1 
0 
SET PRIORITY 
(L2-LO 
USED) 
0 
1 
0 
NO OPERATION 
290164-61 


OPERATION 
CONTROL 
WORD 
3 (OCW3) 


07 
03 
06 
05 
04 
02 
01 
DD 


ESMM 
SMM 
o 
0 
NO ACTION 
o 
1 
NO ACTION 
1 - 
POLL 
COMMAND 
1 
0 
RESET SPECIAL 
MASK 
0 - 
NO POLL 
COMMAND 
1 
1 
SET SPECIAL 
MASK 


RIS 
o 
NO ACTION 
1 
NO ACTION 
o 
READ IR REG. 


1 
READ IS REG. 
290164-62 


ESMM - 
Enable 
Special 
Mask Mode. When 
this bit is set to 1, it enables 
the SMM bit to set or reset the 
Special 
Mask Mode. When this bit is set to 0, SMM bit becomes 
don't 
care. 


SMM 
- 
Special 
Mask Mode. If ESMM = 1 and SMM = 1, the interrupt 
controller 
bank will enter Special 
Mask 
Mode. If ESMM = 1 and SMM =0, the bank will revert to normal mask mode. When ESMM = 0, SMM 
has no effect. 
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POLL/INTERRUPT 
REQUEST/IN-SERVICE 
STATUS 
REGISTER 


Poll Command 
Status 


0- 
NO PENDING 
INTERRUPT 
1 - 
PENDING 
INTERRUPT 
290164-63 


07 
06 
05 
04 
03 
02 
01 
DO 


BINARY 
CODE OF" 


THE HIGHEST 
PRIORITY 
LEVEL 
REQUESTING 


Interrupt 
Request 
Status 


IF"jRQ 
BIT IS: 
0 - 
NO REQUEST 
1 - 
REQUEST 
PENDING 
290164-64 


07 
06 
05 
04 
03 
02 
01 
DO 


NOTE: 
Although all Interrupt Request inputs are active LOW, the internal logical will invert the state of the pins so that when there 
is a pending interrupt request at the input, the corresponding IRQ bit will be set to HIGH in the Interrupt Request Status 
register. 


In-Service 
Status 


IF" IS BIT IS: 
0 - 
NOT IN-SERVICE 
1 - 
REQUEST 
IS IN-SERVICE 
290164-65 


07 
06 
05 
04 
03 
02 
01 
DO 
IIS7 r IS6 r IS5 r IS4 r IS3 IIS2 r 
IS 1 r ISO1 


VECTOR 
REGISTER 
(VR) 


8-BIT 
VECTOR 
NUIABER 
290164-66 
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Table 
4·4. Register 
Operational 
Summary 


Operational 
Command 
Bits 
Description 
Words 


Fully Nested Mode 
OCW·Default 
Non-specific 
EOI Command 
OCW2 
EOI 
Specific 
EOI Command 
OCW2 
SL, EOI, LO-L2 
Automatic 
EOI Mode 
ICW1,ICW4 
IC4,AEOI 
Rotate On Non-Specitic 
OCW2 
EOI 
EOICommand 
Rotate On Automatic 
OCW2 
R, SL, EOI 
EOI Mode 
Set Priority Command 
OCW2 
LO-L2 
, 


Rotate On Specific 
OCW2 
R,SL, 
EOI 
EOI Command 
Interrupt 
Mask Register 
OCW1 
MO-M7 
Special Mask Mode 
OCW3 
ESMM,SMM 
Level Triggered 
Mode 
ICW1 
LTIM 
Edge Triggered 
Mode 
ICW1 
LTIM' 


Read Register Command, 
IRR 
OCW3 
RR, RIS 
Read Register Command, 
ISR 
OCW3 
RR,RIS 
Read IMR 
IMR 
MO-M7 
Poll Command 
OCW3 
P 
Special Fully Nested Mode 
ICW1,ICW4 
IC4, SFNM 


4.8 Register Operational, Summary 


For ease of reference, 
Table 4-4 gives a summary 
of 
the different 
operating 
modes 
and commands 
with 
their corresponding 
registers. 


5.0 PROGRAMMABLE 
INTERVAL 
TIMER 


5.1 Functional Description 


The 82370 contains 
four independently 
Programma- 
ble Interval 
Timers: 
Timer 
0-3. 
All four timers 
are 
functionally 
compatible 
to the Intel 82C54. The first 
three 
timers 
(Timer 
0-2) 
have 
specific 
functions. 
The fourth timer, Timer 3, is a general 
purpose timer. 
Table 5-1 depicts 
the functions 
of each timer. A brief 
description 
of each timer's 
function 
follows. 


Table 
5·1. Programmable 
Interval 
Timer 
Functions 


Timer 
Output 
Function 


0 
IR08 
Event Based IR08 
Generato 
1 
TOUT1/REF# 
Gen. Purpose/DRAM 
Refresh 
Req. 
2 
TOUT21IR03# 
Gen. Purpose/Speaker 
OutlIR03# 
3 
TOUT3# 
Gen. Purpose/IROO 
Generator 


TIMER o-Event 
Based 
Interrupt 
Request 
8 
Generator 


Timer 0 is intended 
to be used as an Event Counter.. 


The 
output 
of this timer 
will, generate 
an Interrupt 
Request 
8 (IR08) 
upon 
a rising edge 
of the timer 
output 
(TOUTO). Normally, 
this timer 
is used to im- 


plement 
a time-of-day 
clock or system tick. The Tim- 
er 0 output ,is not available 
as an external 
sigr;'lal. 


TIMER 
1-General 
Purpose/DRAM..Refresh 
Request 


The output 
of Timer 
1, TOUT1, 
can be used as a 
general 
purpose 
timer 
or as a DRAM 
Refresh 
Re- 
quest signal. The rising edge of this output creates 
a 
DRAM refresh 
request 
to the 82370 
DRAM 
Refresh 
Controller. 
Upon 
reset, 
the 
Refresh 
Request 
func- 
tion 
is disabled" 
and the output 
pin is the Timer 
1 
output. 


TIMER 
2-General 
Purpose/Speaker 
Out/IRQ3# 


The Timer 2 output, TOUT2#, 
could be used to sup- 
port tone generation 
to an external 
speaker. 
This pin 
is a bidirectional 
signal. 
When 
used as an input, 
a 
logic LOW asserted 
at this pin will generate 
an Inter- 
rupt Request 
3 (IR03#) 
(see Programmable 
Inter- 
rupt Controller). 
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Figure 5-1. Block Diagram of Programmable 
Interval 
Timer 


TIMER 3--General 
Purposellnterrupt 
Request 
0 
Generator 


The output of Timer 3 is fed to an edge detector and 
Qenerates an Interrupt Request 0 (11300)in the 
82370. The inverted output of this timer (TOUT3#) 
is also available as an external signal for general 
purpose use. 


5.1.1 INTERNAL 
ARCHITECTURE 


The functional block diagram of the Programmable 
Interval Timer section is shown in Figure 5-1. Follow- 
ing is a description of each block. 


DATA 
BUFFER 
& READ/WRITE 
LOGIC 


This part of the Programmable Interval Timer is used 
to interface the four timers to the 82370 internal bus. 
The Data Buffer is for transferring commands and 
data between the 8-bit internal bus and the timers. 


The Read/Write Logic accepts inputs from the inter- 
nal bus and generates signals to control other f nc- 
tional blocks within the timer section. 


CONTROL 
WORD 
RE(1ISTERS 
I & 11 


The Control Word Registers are write-only registl3rs. 
They are used to control the operating modes of the 
timers. Control Word Register I controls Timers 0, 1 
and 2, and Control Word Register 11controls Timer 
3. Detailed description of the Control Word Re!~is- 
ters will be included in the Register Set Overview 
section. 


COUNTER 
0, COUNTER 
1, COUNTER 
2, 
COUNTER 
3 


Counters 0, 1,2, and 3 are the major parts of Timers 
0, 1, 2, and 3, respectively. These four functional 
blocks are identical in operation, so only a single 
counter will be described. The internal block dia- 
gram of one counter is shown in Figure 5-2. 
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INTERNAL 
BUF-S__ 
---, 


Figure 5·2. Internal 
Block Diagram of a Counter 


The four counters share a common clock input 
(ClKIN), but otherwise are fully independent. Each 
counter is programmable to operate in a different 
mode. 


Although the Control Word Register is shown in the 
figure, it is not part of the counter itself. Its pro- 
grammed contents are used to control the opera- 
tlons of the counters. 


The Status Register, when latched, contains the cur- 
rent contents of the Control Word Register and 
status of the output and Null Count Flag (see Read 
Back Command). 


The Counting Element (CE) is the actual counter. It 
is a 16-bit presettable synchronous down counter. 


The Output latches (Ol) contain two 8-bit latches 
(OlM 
and Oll). 
Normally, these latches "follow" 
the content of the CE. OlM contains the most signif- 
icant byte of the counter and Ol.l, contains the least 
significant byte. If the Counter latch Command is 
sent to the counter, Ol will latch the present count 
until read by the 80376 and then return to follow the 
CE. One latch at a time is enabled by the timer's 
Control logic to drive the internal bus. This is how 
the 16-bit Counter communicates over the 8-bit in- 
ternal bus. Note that CE cannot be read. Whenever 
the count is read, it is one of the Ol's that is being 
read. 


When a new count is written into the counter, the 
value will be stored in the Count Registers (CR), and 
transferred to CE. The transferring of the contents 
from CR's to CE is defined as "loading" of the coun- 
ter. The Count Register contains 'two 8-bit registers: 
CRM (which contains the most significant byte) and 
CRl (which contains the least significant byte). Simi- 
lar to the Ol's, the Control logic allows one register 
at a time to be loaded from the 8-bit internal bus. 
However, both bytes are transferred from the CR's 
to the CE simultaneously: Both CR's are cleared 
when the Counter is programmed. This way, if the 
Counter has been programmed for one byte count 
(either the most significant or the least significant 
byte only), the other,byte will be zero. Note that CE 
cannot be written into directly. Whenever a count is 
written, it is the CR that is.,beingwritten. 


As shown in the diagram, the Control logic consists 
of three signals: ClKIN, 
GATE, and OUT. ClKIN 
and GATE will be discussed in detail in the section 
that follows. OUT is the internal output of the coun- 
ter. The external outputs of some timers (TOUT) are 
the inverted version of OUT (see TOUT1, TOUT2#, 
TOUT3#). The state of OUT depends on the mode • 
of operation of the timer. 
I 
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5.2 
Interface 
Signals 
5.3 
Modes of Operation 


5.2.1 CLKIN 


ClKIN is an input signal used by all four timers for 
internal timing reference. This signal can be inde- 
pendent of the 82370 system clock, ClK2. In the 
following discussion, each "ClK 
Pulse" is defined 
as the time period between a rising edge and a faIl- 
ing edge, in that order, of ClKIN. 


During the rising edge of ClKIN, the state of GATE 
is sampled. All new counts are loaded and counters 
are decremented on the falling edge of ClKIN. 


5.2.2 TOUT1, TOUTU, 
TOUT3# 


TOUT1, TOUT2# 
and TOUT3# 
are the external 
output signals of Timer 1, Timer 2 and Timer 3, re- 
spectively. TOUT2# and TOUT3# are the inverted 
signals of their respective counter outputs, OUT. 
There is no external output for Timer O. 


If Timer 2 is to be used as a tone generator of a 
speaker, external buffering must be used to provide 
sufficient drive capability. 


The Outputs of Timer 2 and 3 are dual function pins. 
The output pin of Timer 2 (TOUT2#/IR03#), 
which 
is a bidirectional open-collector signal, can also be 
used as interrupt request input. When the interrupt 
function is enabled (through the Programmable In- 
terrupt Controller), a lOW on this input will generate 
an Interrupt Request 3# to the 82370 Programma- 
ble Interrupt Controller. This pin has a weak internal 
pull-up resistor. To use the IR03# function, Timer 2 
should be programmed so that OUT2 is lOW. Addi- 
tionally, OUT3 of Timer 3 is connected to an edge 
detector which will generate an Interrupt Request 0 
(IROO)to the 82370 after the rising edge of OUT3 
(see Figure 5-1). 


5.2.3 GATE 


GATE is not an externally controllable signal. Rath- 
er, it can be software controlled with the Internal 
Control Port. The state of GATE is always sampled 
on the rising edge of ClKIN. 
Depending on the 
mode of operation, GATE is used to enable/disable 
counting or trigger the start of an operation. 


For Timer 0 and 1, GATE is always enabled (HIGH). 
For Timer 2 and 3, GATE is connected to Bit 0 and 
6, respectively, of an Internal Control Port (at ad- 
dress 61 H) of the 82370. After a hardware reset, the 
state of GATE of Timer 2 and 3 is disabled (LOW). 


Each timer can be independently programmed to 
operate in one of six different modes. Timers are 
programmed by writing a Control Word into the Con- 
trol Word Register followed by an Initial Count (see 
Programming). 


The following are defined for use in describing the 
different modes of operation. 


ClK Pulse- A rising edge, then a falling edge, in 
that order, of ClKIN. 
Trigger- 
A rising edge of a timer's GATE input. 


Timer/Counter loading- 
The transfer of a count 
from 
Count 
Register 
(CR) to Count Element 
(CE). 


5.3.1 MODE O-INTERRUPT ON TERMINAL 
COUNT 


Mode 0 is typically used for event counting. After the 
Control Word is written, OUT is initially lOW, and will 
remain lOW until the counter reaches zero. OUT 
then goes HIGH and remains HIGH until a new 
count or a new Mode 0 Control Word is written into 
the counter. 


In this 
mode, 
GATE= HIGH enables 
counting; 


GATE = lOW disables counting. However, GATE 
has no effect on OUT. 


After the Control Word and initial count are written to 
a timer, the initial count will be loaded on the next 
ClK pulse. This ClK pulse does not decrement the 
count, so for an initial count of N, OUT does not go 
HIGH until N+ 1 ClK pulses after the initial count is 
written. 


If a new count is written to the timer, it will be loaded 
on the next ClK pulse and counting will continue 
from the new count. If a two-byte count is written, 
the following happens: 


1. Writing the first byte disables counting, OUT is set 
lOW immediately (i.e. no ClK pulse required). 


2. Writing the second byte allows the new count to 
be loaded on the next ClK pulse. 


This allows the counting sequence to be synchroniz- 
ed by software. Again, OUT does not go HIGH until 
N+ 1 ClK pulses after the new count of N is written. 
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NOTES: 
The following 
conventions 
apply to all mode timing 
diagrams. 


1. Counters 
are programmed 
for binary (not BCD) counting 
and for reading/writing 
least significant 
byte (LSB) only. 


2. The counter 
is always 
selected 
(CSi!' 
always 
low). 


3. CW stands 
for "Control 
Word"; 
CW = 10 means 
a control 
word of 10, Hex is written 
to the counter. 
4. LSB stands 
for "Least 
significant 
byte" 
of count. 
. 


5. Numbers 
below 
diagrams 
are count 
values. 
The lower 
number 
is the least significant 
byte. 
The 
upper 
number 
is the 
most 
significant 
byte. 
Since 
the 
counter 
is programmed 
to read/write 
LSB only, 
the 
most 


significant 
byte cannot 
be read. 
N stands 
for an undefined 
count. 


Vertical 
lines show transitions 
between 
count values. 


Figure 
5·3. Mode 0 


If an initial count 
is written 
while GATE is lOW, 
the 
counter 
will be loaded on the next ClK 
pulse. When 
GATE goes HIGH, OUT will go HIGH N ClK 
pulses 
later; no ClK 
pulse is needed to load the counter 
as 
this has already 
been done. 


one-shot 
operation. 
The OUT signal will then remain 
lOW 
until the timer reaches 
zero. At this point, OUT 
will stay HIGH until the next trigger 
comes 
in. Since 
the state of GATE signals of Timer 0 and 1 are inter- 
nally set to HIGH. 


5.3.2 MODE 
1-GATE 
RETRIGGERABLE 
ONE-SHOT 


In this mode, OUT will be initially HIGH. OUT will go 
lOW 
on the ClK 
pulse following 
a trigger to start the 


After writing 
the Control 
Word and initial count, 
the 
timer 
is considered 
"armed". 
A trigger 
results 
in 
loading the timer and setting 
OUT lOW 
on the next 
ClK 
pulse. Therefore, 
an initial count of N will result 
in a one-shot 
pulse 
width 
of N ClK 
cycles. 
Note 
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Figure 5-4. Mode 1 


that this one-shot operation is retriggerable; Le.OUT 
will remain lOW for N ClK pulses after every trigger. 
The one-shot operation can be repeated without re- 
writing the same count into the timer. 


If a new count is written to the timer during a one- 
shot operation, the current one-shot pulse width will 
not be affected until the timer is retriggered. This is 
because loading of the new count to CE will occur 
only when the one-shot is triggered. 


5.3.3 MODE 2-RATE GENERATOR 


This mode is a divide-by-N counter. It is typically 
used to generate a Real Time Clock interrupt. OUT 
will initially be HIGH. When the initial count has dec- 


remented to 1, OUT goes lOW for one ClK pulse, 
then OUT goes HIGH again. Then the timer reloads 
the initial count and the process is repeated. In other 
words, this mode is periodic since the same se- 
quence is repeated itsel~ indefinitely. For an initial 
count of N, the sequence repeats every N ClK cy· 
cles. 


Similar to Mode 0, GATE= HIGH enables counting, 
where GATE= lOW 
disables counting. If GATE 
goes lOW during an output pulse (lOW), OUT is set 
HIGH immediately. A trigger (rising edge on GATE) 
will reload the timer with the initial count on the next 
ClK pulse. Then, OUT will go lOW (for one ClK 
pulse) N ClK 
pulses after the new trigger. Thus, 


GATE can be used to synchronize the timer. 
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NOTE: 
A GATE transition 
should 
not occur 
one clock 
prior to terminal 
count. 


Figure 5-5. Mode 2 


After writing a Control Word and initial count, the 
timer will be loaded on the next ClK pulse. OUT 
goes lOW (for one ClK pulse) N ClK pulses after 
the initial count is written. This is another way the 
timer may be synchronized by software. 


new count but before the end of the current period, 
the timer will be loaded with the new count on the 
next ClK pulse after the trigger, and counting will 
continue with the new count. 


Writing a new count while counting does not affect 
the current counting sequence because the new 
count will not be loaded until the end of the current 
counting cycle. If a trigger is received after writing a 


5.3.4 MODE 
3-SQUARE 
WAVE 
GENERATOR 


Mode 3 is typically used for Baud Rate generation. 
Functionally, this mode is similar to Mode 2 except 
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for the duty cycle of OUT. In this mode, OUT will be 
initially HIGH. When half of the initial count has ex- 
pired, OUT goes low for the remainder of the count. 
The counting sequence will be repeated, thus this 
mode is also periodic. Note that an initial count of N 
results in a square wave with a period of N ClK 
pulses. 


The GATE input can be used to synchronize the tim- 
er. GATE=HIGH 
enables counting; GATE=lOW 
disables counting. If GATE goes lOW while OUT is 
lOW, OUT is set HIGH immediately (i.e. no ClK 
pulse is required). A trigger reloads the timer with the 
initial count on the next ClK pulse. 


After writing a Control Word and initial count, the 
timer will be loaded on the next ClK pulse. This al- 
lows the timer to be synchronized by software. 


Writing a new count while counting does not affect 
the current counting sequence. If a trigger is re- 
ceived after writing a new count but before the end 
of the current half-cycle of the square wave, the tim- 
er will be loaded with the new count on the next ClK 
pulse and counting will continue from the new count. 
Otherwise, the new count will be loaded at the end 
of the current half-cycle. 


I 


There is a slight difference in operation depending 
on whether the initial count is EVEN or ODD. The 
following description is to show exactly how this 
mode is implemented. 


EVEN COUNTS: 


OUT is initially HIGH. The initial count is loaded on 
one ClK pulse and is decremented by two on HUC- 
ceeding ClK pulses. When the count expires (deere- 
mented to 2), OUT Changesto lOW and the timer is 
reloaded with the initial count. The above process is 
repeated indefinitely. 


ODD COUNTS: 


OUT is initially HIGH. The initial count minus one 
(which is an even number) is loaded on one elK 
pulse and is decremented by two on succeeding 
ClK pulses. One ClK pulse after the count expires 
(decremented to 2), OUT goes lOW and the timer is 
loaded with the initial count minus one again. Suc- 
ceeding ClK pulses decrement the count by two. 
When the count expires, OUT goes HIGH immedi- 
ately and the timer is reloaded with the initial count 
minus one. The above process is repeated indefi- 
nitely. So for ODD counts, OUT will 
HIGH or 


(N+ 1)/2 counts and lOW for (N-1)/2 
counts. 
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NOTE: 
A GATE transition 
should 
not occur one clock 
prior to terminal 
count. 


Figure 5-6. Mode 3 


5.3.5 MODE 
4-INITIAL 
COUNT 
TRIGGERED 
STROBE 
After writing the Control Word and initial count, the 
timer will be loaded on the next ClK pulse. This ClK 
pulse does not decrement the count, so for an initial 
count of N, OUT does not strobe lOW until N+ 1 
ClK pulses after initial count is written. 
This mode allows a strobe pulse to be generated by 
writing an initial count to the timer. Initially, OUT will 
be HIGH. When a new initial count is written into the 
timer, the counting sequence will begin. When the 
initial count expires (decremented to 1), OUT will go 
lOW for one ClK pulse and then go HIGH again. 


If a new count is written during counting, it will be 
loaded in the next ClK pulse and counting will con- 
tinue from the new count. 


Again, 
GATE= HIGH 
enables 
counting 
while 
GATE = lOW disables courninq. GATE has no ef· 
feet on OUT. 
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Figure 
5-7. Mode 4 


If a two-byte count is written, the following will occur: 


1. Writing the first byte has no effect on counting. 


2. Writing the second byte allows the new count to 
be loaded on the next ClK pulse. 


OUT will strobe b.OW N+ 1 ClK 
pulses after the 
new count of N is written. Therefore, when the 
strobe pulse will occur after a trigger depends on the 
value of the initial count loaded. 


5.3.6 MODE 5-GATE RETRIGGERABLE 
STROBE 


Mode 5 is very similar to Mode 4 except the count 
sequence is triggered by the gate signal instead of 
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by writing an initial count. Initially, OUT will be HIGH. 
Counting is triggered by a rising edge of GATE. 
When the initial count has expired (decremented to 
1), OUT will go lOW for one ClK pulse and then go 
HIGH again. 


After loading the Control Word and initial count, the 
Count Element will not be loaded until the ClK pulse 
after a trigger. This CLI< pulse does not decrement 
the count. Therefore, for an initial count of N, OUT 
does not strobe lOW until N+ 1 ClK pulses after a 
trigger. 


inter 
82370 


GATE -------1 ,,---------l~ 


- CW.1A 
lSB = 3..- __ 
.:.-_....;,... 
-:'-_-=-- 
WRITELJU 


ClK 


OUT 


CWz 
1A 
lSB=3i-- 
_ 
WRITE 
LJU 


I N I N I N I N I N I ~ 


ClK 


GATE 
- 
- 
- 
- 
- 
- 
- 
- -l~ 
------------ 


OUT ==.i 


ININININININI~I~ 
LJ 


o I 
0 I FF I 
1 
0 
FF 


WRITE 


ClK 


GAlE 
- 
- 
--- 
---1n----------"\n--- 
-- 


OUT =.J 
U 


I N I N I N I N I N I ~ I ~ I .~ I ~ I ~~ I ~~ I 
290164-74 


Figure 
5-8. Mode 5 


The counting 
sequence 
is retriggerable. 
Every trig- 
ger will result in the timer being loaded with the initial 
count on the next ClK 
pulse. 


If the new count 
is written 
during counting, 
the cur- 
rent counting 
sequence 
will not be affected. 
If a triq- 
ger occurs 
after the new count is written 
but before 
the current 
count 
expires, 
the timer will be loaded 
with the new count on the next ClK 
pulse and a new 
count sequence 
will start from there. 


5.3.7 OPERATION 
COMMON 
TO ALL 
MODES 


5.3.7.1 GATE 


The 
GATE 
input 
is always 
sampled 
on the 
rising 
edge of ClKIN. 
In Modes 
0, 2, 3 and 4, the GATE. 
input is level sensitive. 
The logic level is sampled 
on 
I 
the rising edge of ClKIN. 
In Modes 1, 2, 3 and 5, the 
GATE input is rising edge sensitive. 
In these modes, 
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Summary 
of Gate Operations 


Mode 
GATE LOW or Going LOW 
GATE Rising 
HIGH 


0 
Disable count 
No Effect 
'Enable count 
1 
No Effect 
1. Initiate count 
No Effect 
2. Reset output 
after next clock 
2 
1. Disable count 
Initiate count 
Enable count 
2. Sets output HIGH 
immediately 
3 
1. Disable count 
Initiate count 
Enable count 
2. Sets output HIGH 


r 


immediately 
4 
Disable count 
No Effect 
Enable count 
5 
No Effect 
Initiate count 
No Effect 


a rising edge of GATE (trigger) sets an edge sensi- 
tive flip-flop in the timer. The flip-flop is reset imme- 
diately after it is sampled. This way, a trigger will be 
detected no matter when it occurs; Le. a HIGH logic 
level does not have to be maintained until the next 
rising edge of CLKIN. Note that in Modes 2 and 3, 
the GATE input is both edge and level sensitive. 


5.3.7.2 Counter 


New counts are loaded and counters are decre- 
mented on the falling edge of CLKIN. The largest 
possible initial count is O. This,is equivalent to 2··16 
for binary counting and 10··4 for BCD counting. 


Note that the counter does not stop when it reaches 
zero. In Modes 0, 1, 4 and 5, the counter 'wraps 
around' to the highest count: either FFFF Hex for 
binary counting or 9999 for BCD counting, and con- 
tinues counting. Modes 2 and 3 are periodic. The 
counter reloads itself with the initial count and con- 
tinues counting from there. 


The minimum and maximum initial count in each 
counter depends on the mode of operation. They 
are summarized below. 


Mode 
Mln 
Max 


0 
1 
0 


I 
1 
1 
0 
2 
2 
0 
3 
2 
0 
4 
1 
0 
5 
1 
0 


5.4 
Register Set Overview 


The Programmable Interval Timer module of the 
82370 contains a set of six registers. The port ad- 
dress map of these registers is shown in Table 5-2. 


Table 5-2. Timer Register 
Port Address 
Map 


Port Address 
Description 


40H 
Counter 0 Register (read/write) 
41H 
Counter 1 Register (read/write) 
42H 
Counter 2 Register (read/write) 
43H 
Control Word Register I 
, 
(Counter 0, 1 & 2) (write-only) 


44H 
Counter 3 Register (read/write) 
45H 
Reserved 
46H 
Reserved 
47H 
Control Word Register 11 
(Counter 3) (write-only) 


5.4.1 COUNTER 
0, 1, 2, '3 REGISTERS 


These four 8-bit registers are functionally identical. 
They are used to write the initial count value into the 
respective timer. Also, they can be used to read the 
latched count value of a timer. Since they are 8-bit 
registers, reading and writing of the 16-bit initial 
count must follow the count format specified in the 
Control Word Registers; Le. least significant byte 
only, most significant byte only, or least significant 
byte then most significant byte (see Programming). 


5.4.2 CONTROL 
WORD 
REGISTER 
I & 11 


There are two Control Word Registers associated 
with the Timer section. One of the two registers 
(Control Word Register I) is used to control the oper- 
ations of Counters 0, 1 and 2 and the other (Control 
Word Register 11) is for Counter 3. The major func- 
tions of both Control Word Registers are listed be- 
low: 
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- 
Select the timer to be programmed. 
- 
Define which mode the selected timer is to oper- 
ate in. 


- 
Define the count sequence; Le. if the selected 
timer is to count as a Binary Counter or a Binary 
Coded Decimal (BCD) Counter. 
- 
Select the byte access sequence during timer 
read/write operations; Le. least significant byte 
only, most significant only, or least significant 
byte first, then most significant byte. 


Also, the 
Control Word Registers can be pro- 


grammed to perform a Counter Latch Command or a 
Read Back Command which will be described later. 


5.5 
Programming 


5.5.1 INITIALIZATION 


Upon power-up or reset, the state of all timers is 
undefined. The mode, count value, and output of all 
timers are random. From this point on,' how each 
timer operates is determined solely by how it is pro- 
grammed. Each timer must be programmed before it 
can be used. Since the outputs of some timers can 
generate interrupt signals to the 82370, all timers 
should be initialized to a known state. 


Counters are programmed by writing a Control Word 
into their respective Control Word Registers. Then, 
an Initial Count can be written into the correspond- 
ing Count Register. In general, the programming pro- 
cedure is very flexible. Only two conventions need to 
be remembered: 


1. For each timer, the Control Word must be written 
before the initial count is w~itten. 


2. The 16-bit initial count must follow the count for- 
mat specified in the Control Word (least significant 
byte only, most significant byte only, or least signifi-· 
cant byte first, followed by most significant byte). 


Since the two Control Word Registers and the four 
Counter Registers have separate addresses, and 
each timer can be individually selected by the appro- 
priate Control Word Register, no special instruction 
sequence is required. Any programming sequence 
that follows the conventions above is acceptable. 


A new initial count may be written to a timer at any 
time without affecting the timer's programmed mode 
in any way. Count sequence will be affected as de- 
scribed in the Modes of Operation section. Note that 
the new count must follow the programmed count 
format. 


If a timer is previously programmed to read/write 
two-byte counts, the following precaution applies. A 
program must not transfer control between writing 
the first and second byte to another routine which 
also writes into the same timer. Otherwise, the read/ 
write will result in incorrect count. 


Whenever a Control Word is written to a timer, all 
control logic for that timer(s) is immediately reset 
(Le.no CLK pulse is required). Also, the correspond- 
ing output in, TOUT#, goes to a known initial state. 


5.5.2 READ OPERATION 


Three methods are available to read the current 
count as well as the status of each timer. They are: 
Read Counter Registers, Counter Latch Command 
and Read Back Command. Below is a description of 
these methods. 


READ COUNTER 
REGISTERS 


The current count of a timer can be read by perform- 
ing a read operation on the corresponding Counter 
Register. The only restriction of this read operation 
is that the CLKIN of the timers must be inhibited by 
using external logic. Otherwise, the count may be in 
the process of changing when it is read, giving an 
undefined result. Note that since all four timers are 
sharing the same CLKIN signal, inhibiting CLKIN to 
read a timer will unavoidably disable the other timers 
also. This may prove to be impractical. Therefore, it 
is suggested that either the Counter Latch Com- 
mand or the Read Back Command can be used to 
read the current count of a timer. 


Another alternative is to temporarily disable a timer 
before reading its Counter Register by using the 
GATE input. Depending on the mode of operation, 
GATE= LOW will disable the counting operation. 
However, this option is available on Timer 2 and 3 
only, since the GATE signals of the other two timers 
are internally enabled all the time. 


COUNTER 
LATCH COMMAND 


A Counter Latch Command will be executed when- 
ever a special Control Word is written into a Control 
Word Register. Two bits written into the Control 
Word Register distinguish this command from a 'reg- 
ular' Control Word (see Register Bit Definition). Also, 
two other bits in the Control Word will select which 
counter is to be latched. 


Upon execution of this command, the selected 
counter's Output Latch (OL) latches the count at the 
time the Counter Latch Command is received. This 
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count is held in the latch until it is read by the 80376, 
or until the timer is reprogrammed. The count is then 
unlatched automatically and the OL returns to "fol- 
lowing" the Counting Element (CE). This allows 
reading the contents of the counters "on the fly", 
without 
affecting 
counting 
in progress. Multiple 
Counter Latch Commands may be used to latch 
more than one counter. Each latched count is held 
until it is read. Counter Latch Commands do not af- 
fect the programmed mode of the timer in any way. 


If a counter is latched, and at some time later, it is 
latched again before the prior latched count is read, 
the second Counter Latch Command is ignored. The 
count read will then be.the count at the time the first 
command was issued. 


In any event, the latched count must be read ac- 
cording to the programmed format. Specifically, if 
the timer is programmed for two-byte counts, two 
bytes must be read. However, the two bytes do not 
have to be read right after the other. Read/write or 
programming operations of other timers may be per- 
formed between them. 
- 


Another feature of this Counter Latch Command is 
that read and write operations of the same timer 
may be interleaved. For example, if the timer is pro- 
grammed for two-byte counts, the following se- 
quence is valid. 


1. Read least significant byte. 
2. Write new least significant byte. 
3. Read most significant byte. 
4. Write new most significant byte. 


If a timer is programmed to read/write two-byte- 
counts, the following precaution applies. A program 
must not transfer control between reading the first 
and second byte to another routine which also reads 
from that same timer. Otherwise, an incorrect count 
will be read. 


READ BACK COMMAND 


The Read Back Command is another special Com- 
mand Word operation which allows the user to read 
the current count value and/or the status of the se- 
lected timer(s). Like the Counter Latch Command, 
two bits in the Command Word identify this as a 
Read Back Command (see Register Bit Definition). 


The Read Back Command may be used to latch 
multiple counter Output Latches (OL's) by selecting 
more than one timer within a Command Word. This 
single command is functionally equivalent to several 
Counter Latch Commands, one for each counter to 


be latched. Each counter's latched count will be 
held until it is read by the 80376 or until the timer is 
-reprogrammed. The counter is automatically un- 
latched when 
read, but other 
counters 
remain 
latched until they are read. If multiple Read Back 
commands are issued to the same timer without 
reading the count, all but the first are ignored; Le.the 
count read will correspond to the very first Read 
Back Command issued. 


As mentioned previously, the Read Back Command 
may also be used to latch status information of the 
selected timer(s). When this function is enabled, the 
status of a timer can be read from the Counter Reg- 
ister after the Read Back Command is issued. The 
status information of a timer includes the following: 
1. Mode of timer: 


This allows the user to check the mode of opera- 
tion of the timer last programmed. 
2. State of TOUT pin of the timer: 
This allows the user to monitor the counter's out- 
put pin via software, possibly eliminating some 
hardware from a system. 


3. Null Count/Count available: 
The Null Count Bit in the status byte indicates if 
the last count written to the Count Register (CR) 
has been loaded into the Counting Element (CE). 
The exact time this happens depends on the 
mode of the timer and is described in the Pro- 
gramming section. Until the count is loaded into 
the Counting Element (CE),it cannot be read from 
the timer. If the count is latched or read before 
this occurs, the count value will not reflect the 
new count just written. 


If multiple status latch operations of the timer(s) are 
performed without reading the status, all but the first 
command are ignored; Le.the status read in will cor- 
respond to the first Read Back Command issued. 


Both the current count and status of the selected 
timer(s) may be latched simultaneously by enabling 
both functions in a single Read Back Command. 
This is functionally the same as issuing two separate 
Read Back Commands at once, Once again, if multi- 
ple read commands are issued to latch both the 
count and status of a timer, all but the first command 
will be ignored. 


If both count and status of a timer are latched, the 
first read operation of that timer will return the 
latched status, regardless of which was latched first. 
The next one or two (if two count bytes are to be 
read) read operations return the latched count. Note 
that subsequent read operations on the Counter 
Register will return the unlatched count (like the first 
read method discussed). 
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5.6 
Register Bit Definitions 


COUNTER 
0, 1, 2, 3 REGISTER 
(READ/WRITE) 


Port Address 
Description 


40H 
Counter 0 Register 
(read/write) 
41H 
Counter 
1 Register 
(read/write) 
42H 
Counter 2 Register 
(read/write) 
44H 
Counter 3 Register 
(read/write) 
45H 
Reserved 
46H 
Reserved 


Note 
that 
these 
8-bit 
registers 
are for writing 
and 
reading of one byte of the 16-bit count value, either 
the most significant 
or the least significant 
byte. 


CONTROL 
WORD 
REGISTER 
I & 
11 (WRITE- 
ONLY) 


Port Address 
Description 


43H 
Control Word Register 
I 
(Counter 0, 1, 2 (write-only) 
47H 
Control Word Register 
11 
(Counter 3) (write-only) 


~ 


LSB 
OF COUNT 
BYTE 


MSB 
OF COUNT 
BYTE 
290164-75 


Control 
Word Register 
I 


07 
06 
05 
04 
03 
02 
01 
DO 


SELECT 
COUNTER: 


00 
SELECT 
COUNTER 
0 
01 
SELECT 
COUNTER 
1 
10 
SELECT 
COUNTER 
2 
11 
REAO BACK 
COMMAND 
FOR COUNTER 
0-2 


0- 
16-BIT 
B1NARY 
COUNTER 


1 - BCD COUNTER 


(4 
DECADES) 


MODE: 


000 
MODE 0 
001 
MODE 
1 
Xl0 
MODE 2 
Xll 
MODE 3 
100 
MODE 4 
101 
MODE 5 
290164-76 


READ/WRITE: 


00 
COUNTER 
LATCH 
COMMAND 
01 
READ/WRITE 
LSB 
BYTE ONLY 


10 
READ/WRITE 
MSB 
BYTE ONLY 
11 
READ/WRITE 
LSB. 
THEN 
MSB 
BYTE 


Control 
Word Register 
11 


07 
06 
05 
04 
03 
02 
01 
DO 


SELECT 
COUNTER: 


00 
SELECT 
COUNTER 
3 
01 
RESERVED 


10 
RESERVED 


11 
READ BACK 
COMMAND 
FOR COUNTER 
3 


0- 
16-BIT 
BINARY 
COUNTER 


1 - 
BCD COUNTER 
(4 
DECADES) 


MODE: 
DOO WODE 0 
DOl 
WODE 1 
Xl0 
WODE 2 
Xll 
WODE 3 
100 
WODE 4 
101 
WODE 5 
290164-77 


READ /WRITE: 


00 
COUNTER 
LATCH 
COWWAND 
01 
READ/WRITE 
LSB 
BYTE ONLY 
10 
READ/WRITE 
WSB BYTE ONLY 


11 
READ/WRITE 
LSB, 
THEN 
WSB BYTE 
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COUNTER 
LATCH 
COMMAND 
FORMAT 


(Write to Control 
Word Register) 


00 COUNTER 0 (OR 3) 
01 COUNTER 1 
10 COUNTER 2 
11 READ BACK COMMAND 
290164-78 


07 
06 
05 
04 
03 
02 
01 
DO 


READ BACK COMMAND 
FORMAT 


(Write to Control 
Word Register) 


0- LATCH STATUS 
1 - 
DO NOT LATCH 
STATUS 
290164-79 


07 
06 
05 
04 
03 
02 
01 
DD 


0- LATCH COUNT 
1 - 
DO NOT LATCH 
COUNT 


0- COUNTER NOT 
SELECTED 
1 - 
COUNTER IS 
SELECTED 


STATUS 
FORMAT 


(Returned 
from Read Back Command) 


07 
06 
05 
04 
03 
02 
01 
DO 


0'- 
COUNT AVAILABLE 
fOR 
READING 
1 - 
NULL COUNT 
COUNTER 
MODE 
290164-80 
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6.1 Functional Description 


The 
82370 
contains 
a programmable 
Wait 
State 
Generator 
which 
can 
generate 
a pre-programmed 
number 
of wait 
states 
during 
both 
CPU and 
DMA 
initiated 
bus cycles. This Wait State Generator 
is ca- 
pable of generating 
1 to 16 wait states 
in non-pipe- 
lined 
mode, 
and 
0 to 
15 wait 
states 
in pipelined 
mode. Depending 
on the bus cycle type and the two 
Wait 
State 
Control 
inputs 
(WSC 
0-1), 
a pre-pro- 
grammed 
number of wait states in the selected 
Wait 
State Register 
will be generated. 


The Wait State 
Generator 
can also be disabled 
to 
allow the use of devices 
capable 
of generating 
their 
own READY# 
signals. Figure 6-1 is a block diagram 
of the Wait State Generator. 


6.2 Interface Signals 


The following 
describes 
the interface 
signals which 
affect 
the 
operation 
of the 
Wait 
State 
Generator. 


The READY #, WSCO and WSC1 signals are inputs. 
READYO# 
is the 
ready 
output 
signal 
to the 
host 
processor. 


6.2.1 READY # 


READY # is an active 
LOW input signal which 
indi- 
cates to the 82370 the completion 
of a bus cycle. In 
the Master mode (e.g. 82370 initiated DMA transfer), 
this signal is monitored 
to determine 
whether 
a pe- 
ripheral 
or memory 
needs wait states inserted 
in the 
current 
bus cycle. 
In the Slave mode, it is used (to- 
gether with the ADS# 
signal) to trace CPU bus cy- 
cles to determine 
if the current 
cycle is pipelined. 


6.2.2 READYO # 


READYO # (Ready 
Out #) is an active 
LOW output 


signal and is the output of the Wait State Generator. 
The 
number 
of wait 
states 
generated 
depends 
on 
the WSC(0-1) 
inputs. 
Note 
that 
special 
cases 
are 
handled 
for access 
to the 82370 
internal 
registers 
and for the Refresh cycles. 
For 82370 internal 
regis- 


ter access, 
READYO# 
will be delayed 
to take into 
the command 
recovery 
time of the register. 
One or 
more wait states will be generated 
in a pipelined 
cy- 
cle. During refresh, the number of wait states will be 
determined 
by the preprogrammed 
value in the Re- 
fresh Wait State Register. 


In the 
simplest 
configuration, 
READYO# 
can 
be 
connected 
to the READY # input of the 82370 
and 
the 
80376 
CPU. This 
is, however, 
not 
always 
the 
case. If external 
circuitry 
is to control 
the READY # 
inputs as well, additional 
logic will be required 
(see 
Application 
Issues). 


6.2.3 WSC(O-1) 


These 
two Wait State Control 
inputs, 
together 
with 
the MIIO# 
input, 
select 
one of the three 
pre-pro- 


grammed 
8-bit 
Wait 
State 
Registers 
which 
deter- 
mines 
the 
number 
of wait states 
to be generated. 


The 
most 
significant 
half 
of the 
three 
Wait 
State 
Registers 
corresponds 
to 
memory 
accesses, 
the 
least significant 
half to 1/0 accesses. 
The combina- 
tion WSC(0-1) 
= 11 disables the Wait State Gener- 


ato~. 


INTERNAL 
WAIT STATE 
REOUIREMENT 
READYON 


WSCO 


WSC1 


M/ION 


07 
04 
03 
DO 


REGISTER 
MEMORY 0 
I/O 
0 


SELECT 
MEMORY 
1 
I/O 
1 
LOGIC 


MEMORY 2 
I/O 
2 


(RESERVED) 
REfRESH 
ADSN. 
READYN 


PROGRAMMABLE 
WAIT STATE 
REGISTERS 
290164-61 


Figure 
6-1. Wait State Generator 
Block 
Diagram 


9-185 


82370 


6.3 Bus Function 


6.3.1 WAIT STATES IN NON-PIPELlNED CYCLE 


The timing diagram of two typical non-plpelined cy· 
cles with 82370 generated wait states is shown in 
Figure 6·2. In this diagram, it is assumed that the 
internal registers of the 82370 are not addressed. 
During the first T2 state of each bus cycle, the Wait 
State Control and the M/IO# 
inputs are sampled to 
determine which Wait State Register (it' any) is se· 
lected. If the WSC inputs are active (Le.not both are 
driven HIGH), the pre-programmed number of wait 
states corresponding to the selected Wait State 
Register will be requested. This is done by driving 
the READYO# output HIGH during the end of each 
T2 state. 


The WSC (0-1) inputs need only be valid during the 
very first T2 state of each non-pipelined cycle. As a 
general rule, the WSC inputs are sampled on the 
rising edge of the next clock (82384 ClK) after the 
last state when ADS# (Address Status) is asserted. 


The number of wait states generated depends on 
the type of bus cycle, and the number of wait states 
requested. The various combinations are discussed 
below. 


1. Access the 82370 internal registers: 2 to 5 wait 
states, depending upon the specific register ad- 
dressed. Some back-to-back sequences to the Inter- 
rupt Controller will require 7 wait states. 


2. Interrupt Acknowledge to the 82370: 5 wait states. 


3. Refresh: As programmed in the Refresh Wait 
State Register (see Register Set Overview). 
ote 
that if WCS (0-1) = 11, READYO# will stay inac- 
tive. 


4. Other bus cycles: Depending on WCS (0-1) and 
M/IO# 
inputs, these inputs select a Wait State Reg- 


ister in which the number of wait states will be equal 
to the pre-programmed wait state count in the regis- 
ter plus 1. The Wait State Register selection is de- 
fined as follows (Table 6-1). 


Table 6-1. Wait State Register Selection 


MIIO# 
WSC(O-1) 
Register Selected 


0 
00 
WAIT REG 0 (1/0 half) 
0 
01 
WAIT REG 1 (1/0 half) 
0 
10 
WAIT REG 2 (1/0 half) 
1 
00 
WAIT REG 0 (MEM half) 
1 
01 
WAIT REG 1 (MEM half) 
1 
10 
WAIT REG 2 (MEM half) 
X 
11 
Wait State Gen. Disabled 


The Wait State Control signals, WSC (0-1), can be 
generated with the address decode and the Readl 
Write control signals as shown in Figure 6-3. 


T1 
T2 
T2 
T1 


ClK2 


ClK 


A(l - 23} 
M/lOfI 
BlEfI,BHEfI 
WSC(O-l') 


ADSfI 


READYfI 


READYOfl 


ONE WAIT STATE 


T2 
T2 
T2 


290164-82 
TWO WAIT STATES 


Figure 6-2. Wait States In Non-Plpellned Cycles 
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Addre •• 
Decode 
~ 
• 
W/RII~WSC(O-l) 


290164-83 


Figure 6-3. WSC (0-1) Generation 


Note that during HALT and SHUTDOWN, the num- 
ber of wait states will depend on the WSC (0-1) 
inputs, which will select the memory half of one of 
the Wait State Registers (see CPU Reset and Shut- 
down Detect). 


6.3.2 WAIT STATES IN PIPELlNED CYCLES 


The timing diagram of two typical pipelined cycles 
with 82370 generated wait states is shown in Figure 
6-4. Again, in this diagram, it is assumed that the 
82370 internal registers are not addressed. As de- 
fined in the timing of the 80376 processor, the Ad- 
dress (A1-23), 
Byte Enable (BHE#, BLE#), and 
other control signals (MIIO #, ADS#) are asserted 
one T-state earlier than in a non-pipelined cycle; Le. 
they are asserted at T2P. Similar to the non-pipe- 
lined case, the Wait State Control (WSC) inputs are 
sampled in the middle of the state after the last state 
the ADS# signal-is asserted. Therefore, the WSC 
inputs should be asserted during the T1P state of 
each pipelined cycle (which is one T-state earlier 
than in the non-pipelined cycle). 


The number of wait states generated in a pipelined 
cycle is selected in a similar manner as in the non- 
pipelined case discussed in the previous section. 
The only difference here is that the actual number of 
wait states generated will be one less than that of 
the non-pipelined cycle. This is done automatically 
by the Wait State Generator. 


6.3.3 EXTENDING AND EARLY TERMINATING 
BUS CYCLE 


The 82370 allows external logic to either add wait 
states or cause early termination of a bus cycle by 
controlling the READY# input to the 82370 and the 
host processor. A possible configuration is shown in 
Figure 6-5. 


EXTERNAL READYII 
(EARLY TERMINATION) 
80376 
82370 


READY' 


READYOH 


L---------I READYII 


290164-85 


Figure 6-5. External 'READY' Control Logic 


T1p 
T2 
T2p 
T1p 


ClK2 


ClK 


A(l-23) 
M/lOll 
BlE#. 
BHE# 


WSC(O-l) 


ADS# 


READY# 


READYO# 


ONE WAIT STATE 


T2 
T2 
T2p 


TWO WAIT STATES 
290164-84 


Flgure.6-4. Wait States In Pipelined Cycles 
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The EXT. RDY11 (External Ready) signal of Figure 6- 
5 allows external devices to cause early termination 
of a bus cycle. When this signal is asserted LOW, 
the output of the circuit will also go LOW (even 
though the READYO11 of the 82370 
may still be 
HIGH). This output is fed to the READY11 input of 
the 80376 and the 82370 to indicate the completion 
of the current bus cycle. 


Similarly, the 
EXT. NOT READY (External Not 
Ready) signal is used to delay the READY11 input of 
the processor and the 82370. As long as this signal 
is driven HIGH, the output of the circuit will drive the 
READY11 input HIGH.This will effectively extend the 
duration of a bus cycle. However, it is important to 


note that if the two-level logic is not fast enough to 
satisfy the READY11 setup time, the OR gate should 
be eliminated. Instead, the 82370 Wait State Gener- 
ator can be disabled by driving both WSC (0-1) 
HIGH. In this case, the addressed memory or I/O 
device should activate the external READY11 input 
whenever it is ready to terminate the current bus 
cycle. 


Figures 6-6 and 6-7 show the timing relationships of 
the ready signals for the early termination and exten- 
sion of the bus cycles. Section 6-7, Application Is- 
sues, contains a detailed timing analysis of the ex- 
ternal circuit. 


CLK2 


CLK 


A(I-23) 
Jr---+---..y---+---+---+---..y---+ 
101/10* 
BLE*.BHE* 


ADS* 


READYO* 
o WAIT STATES 
TWO WAIT STATES 


290164-86 


Figure 6-6. Early Termination 
of Bus Cycle By 'READY 11' 


Tl 
T2 


CLK2 


T2 
T2 
T2 
Tx 
Tx 


CLK 


A(I 
- 23) ir---+---+---+---+---w---+---+ 
101/10* 
BLE*,BHE* 


ADS* 
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Figure 6-7. Extending 
Bus Cycle by 'READYII' 
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Due to the following implications, it should be noted 
that early termination of bus cycles in which 82370 
internal registers are accessed is not recommended. 


1. Erroneous data may be read from or written into 
the addressed register. 


2. The 82370 must be allowed to recover either be- 
fore HLDA (Hold Acknowledge) is asserted or before 
another bus cycle into an 82370 internal register is 
initiated. 


The recovery time, in clock periods, equals the re- 
maining wait states that were avoided plus 4. 


6.4 
Register Set Overview 


Altogether, there are four 8-bit internal registers as- 
sociated with the Wait State Genertor. The port ad- 
dress map of these registers is shown below in Ta- 
ble 6-2. A detailed description of each follows. 


Table 6-2. Register 
Address 
Map 


Port Address 
Description 


72H 
Wait State Reg 0 (read/write) 
73H 
Wait State Reg 1 (read/write) 
74H 
Wait State Reg 2 (read/write) 
75H 
Ref. Wait State Reg (read/write) 


WAIT 
STATE 
REGISTER 
0, 1,2 


These three 8-bit read/write registers are functional- 
ly identical. They are used to. store the pre-pro- 
grammed wait state count. One half of each register 
contains the wait state count for I/O accesses while 
the other half contains the count for memory ac- 
cesses. The total number of wait states generated 
will depend on the type of bus cycle. For a non-pipe- 
lined cycle, the actual number of wait states request- 
ed is equal to the wait state count plus 1. For a 
pipelined cycle, the number of wait states will be 
equal to the wait state count in the selected register. 
Therefore, the Wait State Generator is capable of 
generating 1 to 16 wait states in non-pipelined 
mode, and 0 to 15 wait states in pipelined mode. 


\ 


Note that the minimum wait state count in each reg- 
ister. is O. This is equivalent to 0 wait states for a 
pipelined cycle and 1 wait state for a non-pipelined 
cycle. 


REFRESH 
WAIT STATE 
REGISTER 


Similar to the Wait State Registers discussed above, 
this 4-bit register is used to store the number of wait 
states to be generated during a DRAM refresh cycle. 


Note that the Refresh Wait State Register is not se- 
lected by the WSC inputs. It will automatically be 
chosen whenever a DRAM refresh cycle occurs. If 
the Wait State Generator is disabled during the re- 
fresh cycle (WSC (0-1) 
= 11), READYO# will stay 


inactive and the Refresh Wait State Register is ig- 
nored. 


t • 


6.5 Programming 


Using the Wait State Generator is relatively straight- 
forward. No special programming sequence is re- 
quired. In order to ensure the expected number of 
wait states will be generated when a register is se- 
lected, the registers to be used must be pro- 
grammed after power-up by writing the appropriate 
wait state count into each register. Note that upon 
hardware reset, all Wait State Registers are initial- 
ized with the value FFH, giving the maximum num- 
ber of wait states possible. Also, each register can 
be read to check the wait state count previously 
stored in the register. • 


6.6 
Register Bit Definition, 


WAIT STATE 
REGISTER 
0,1",2 


Port Address 
Description 


72H 
Wait State Register 0 (read/write) 
73H 
Wait State Register 1 (read/write) 
74H 
Wait State Register 2 (read/write) 


'-- 
---L-+ I/O 
WAIT 
STATE COUNT 


L..-----'--.MEMORY 
WAIT STATE COUNT 
290164-88 


REFRESH 
WAIT 
STATE 
REGISTER 


Port Address: 75H 
(Read/Write) 


'-------'--+ 
REFRESHWAIT 
• 
STATE COUNT 


L..- 
-'--+ 


290164-89 
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6.7 Application 
Issues 


82370 


6.7.1 EXTERNAL 
'READY' 
CONTROL 
LOGIC 


As mentioned in section 6.3.3, wait state cycles gen- 
erated by the 82370 can be terminated early or e~- 
tended longer by means of additional external logic 
(see Figure 6-5). In order to 
ensure that 
the 
READY1f input timing requirement of the 80376 and 
the 82370 is satisfied, special care must be taken 
when designing this external control logic. This sec- 
tion addresses the design requirements. 


A simplified block diagram of the external logic along 
with the READY# timing diagram is shown in Figure 
6-8. The purpose is to determine the maximum delay 


EXT. READYH 
EXT. NOT READY 


~0376 - 16 
82370 


READYH 
READYOH 


time allowed in the external control logic in order to . 
satisfy the READY# setup time. 


First, it will be assumed that the 80376 is running at 
16 MHz (Le. CLK2 is 32 MHz). Therefore, one bus 
state (two CLK2 periods) will be equivalent to 
62.5 ns. According to the AC specifications of the 
82370 the maximum delay time for valid READYO# 
signal 'is 31 ns after the rising edge of CLK2 in the 
beginning of T2 (for non-pipelined cycle) or T2P (for 
pipelined cycle). Also, the minimum READY# setup 
time of the 80376 and the 82370 should be 19 ns 
before the rising edge of CLK2 at the beginning of 
the next bus state. This limits the total delay time for 
the external READY# control logic to be 12.5 ns 
(62.5-31-19) 
in order to meet the READY# setup 
timing requirement. 


L- 
.-;.._-+j READY# 


A 
PHI1 
PHI2 
\. 
'\ 
--i 


'I' 
B 
0-- 
- 


X 
I---C--- 


I. 
A 
A 


I 


CLK2 


READYO# 


READYH 


A = PHI1 + PH12 
= 62.5 ns 
B = Maximum 
READYO# 
Valid Delay = 35 ns 
C = READY # Setup Time = 20 ns 
D = Maximum 
Ready Control 
Logic 
Delay = A - B - C = 7.5 ns 


Figure 6·8. 'READY' Timing Consideration 
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7.0 
DRAM 
REFRESH 
CONTROLLER 


82370 


7.1 Functional Description 


The 82370 DRAM Refresh Controller consists of a 
24-bit Refresh Address Counter and Refresh Re- 
quest logic for DRAM refresh operations (see Figure 
7-1). TIMER 1 can be used as a trigger signal to the 
DRAM Refresh Request logic, The Refresh Bus Size 
can be programmed to be 8- or 16-bit wide. Depend- 
ing on the Refresh Bus Size, the Refresh Address 
Counter will be incremented with the appropriate val- 
ue after every refresh cycle. The internal logic of the 
82370 will give the Refresh operation the highest 
priority in the bus control arbitration process. Bus 
control is not released and re-requested if the 82370 
is already a bus master. 


7.2 Interface Signals 


7.2.1 TOUT1/REF# 


The 
dual 
function 
output 
pin 
of 
TIMER 
1 
(TOUT1/REF#) 
can be programmed to generate 


DRAM Refresh signal. If this feature-is enabled, the 
rising edge of TIMER 1 output (TOUT1#) will trigger 
the DRAM Refresh Request logic. After some delay 
for gaining access of the bus, the 82370 DRAM Con- 
troller will generate a DRAM Refresh signal by driv- 
ing REF# output lOW. This signal is cleared after 
the refresh cycle has taken place, or by a hardware 
reset. 


If the 
DRAM Refresh feature 
is disabled, the 


TOUT1/REF # output pin is simply the TIMER 1 out- 
put. Detailed information of how TIMER 1 operates 
is discussed in section 6-Programmable 
Interval 


Timer, and will not be repeated here. 


7.3 Bus Function 


7.3.1 ARBITRATION 


In order to ensure data integrity of the DRAMs, the 
82370 gives the DRAM Refresh signal the highest 
priority in the arbitration logic. It allows DRAM Re- 
fresh to interrupt DMA in progress in order to per- 
form the DRAM Refresh cycle. The DMA service will 
be resumed after the refresh is done. 


In case of a DRAM Refresh during a DMA process, 
the cascaded device will be requested to get off the 
bus. This is done by de-asserting the EDACK signal. 
Once DREQn goes inactive, the 82370 will perform 
the refresh operation. Note that the DMA controller 
does not completely relinquish the system bus dur- 
ing refresh. The Refresh Generator simply "steals" 
a bus cycle between DMA accesses. 


Figure 7-2 shows the timing diagram of a Refresh 
Cycle. Upon expiration of TIMER 1, the 82370 will try 
to take control of the system bus by asserting 
HOLD. As soon as the 82370 see HlDA go active, 
the DRAM Refresh Cycle will be carried out by acti- 
vating the REF# signal as well as the address and 
control signals on the system bus (Note that REF# . 
will not be active until two ClK periods HlDA is as- 
serted). The address bus will contain the 24-bit ad- 


TOUT! 
(iNTERNAL) 
DRAM 
REfRESH 
CONTROLLER 


TOUT! 
'--------.:..::..:~o .elect 


REfRESH 
ENABLE (iNTERNAL) 
290164-91 


INTERNAL 
DMA 
HANDSHAKE 
DMA 
CONTROLLER 
"'-~';---+I 
ARBITRATION 


LOGIC 


TO DMA 


'------- 
•••• 
CONTROLLER 
24 - BIT 
(iNTERNAL) 
REfRESH 
ADDRESS 


t--------_TOUT1/REfll 


Figure 7·1. DRAM Refresh Controller 
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dress currently 
in the Refresh Address 
Counter. The 
control 
signals 
are 
driven 
the 
same 
way 
as in a 
Memory 
Read cycle. This "read" 
operation 
is com- 
plete 
when 
the 
READY # 
signal 
is driven 
LOW. 


Then, the 82370 will relinquish 
the bus by de-assert- 
ing HOLD. 
Typically, 
a Refresh 
Cycle 
without 
wait 
states will take five bus states to execute. 
If "n" wait 
states are added, the Refresh 
Cycle will last for five 
plus "n" 
bus states. 


How often 
the 
Refresh 
Generator 
will initiate 
a re- 
fresh cycle 
depends 
on the frequency 
of CLKIN 
as 
will as TIMER 
1's programmed 
mode 
of operation. 
For this specific 
application, 
TIMER 1 should be pro- 
grammed 
to operate 
in Mode 2 to generate 
a con- 
stant 
clock 
rate. See section 
6-Programmable 
In- 
terv~1 Timer 
for more 
information 
on programming 
the timer. One DRAM Refresh 
Cycle will be generat- 
ed each time TIMER 1 expires (when TOUT1 chang- 
es from LOW to HIGH). 


The Wait State Generator 
can be used to insert wait 
states 
during 
a refresh 
cycle. 
The 82370 
will auto- 
matically 
insert the desired 
number of wait states as 
programmed 
in the Refresh Wait State Register 
(see 
Wait State Generator). 


7.4 
Modes of Operation 


7.4.1 WORD 
SIZE AND REFRESH 
ADDRESS 
COUNTER 


The 82370 supports 
8- and 16-bit refresh cycle. The 
bus width 
during 
a refresh 
cycle 
is programmable 
(see 
Prog~amming). 
The 
bus 
size 
can 
be 
pm- 
~rammed ~Ia the Refresh Control Register 
(see Reg- 
ister Overview). 
If the DRAM bus size is 8- or 16-bits, 
the Refresh Address 
Counter will be incremented 
by 
1 or 2, respectively. 


The Refresh 
Address 
Counter 
is cleared 
by a harcl- 
ware reset. 


7.5 
Register Set Overview 


The Refresh 
Generator 
has two internal 
registers 
to 
control 
its operation. 
They are the Refresh 
Control 
Register 
and the Refresh 
Wait State Register. 
The r 
port address 
map is shown 
in Table 7-1 below. 


Tx 
Tx 


HlDA 


A(I-23).lAjIO# 
~+~- 
~-~-~-~-~-~+~-~~I~X- 
x-x1~--t---i:==::!===~---+ 
BlE#.DjC# 
WjR#.BHE# 


TOUT1 


ClK2 


ClK 


HOLD +-__ 
....}! 


TI 
n 
T1 
T2 
n 


REF# +---+----+---I--~i'---+--..J! 
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Figure 7-2. 82370 Refresh 
Cycle 
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Table 7·1. Register 
Address 
Map 


82370 


Port Address 
Description 


1CH 
Refresh Control Reg. (read/write) 
75H 
Ref. Wait State Reg. (read/write) 


The Refresh Wait State Register is not part of the 
Refresh Generator. It is only used to program the 
number of wait states to be inserted during a refresh 
cycle. This register is discussed in detailed in section 
7 (Wait State Generator) and will not be repeated 
here. 


REFRESH 
CONTROL 
REGISTER 


This 2-bit register serves two functions. First, it is 
used to enable/disable the DRAM Refresh function 
output. If disabled, the output of TIMER 1 is simply 
used as a general purpose timer. The second func- 
tion of this register is to program the DRAM bus size 
for the refresh operation. The programmed bus size 
also determines how the Refresh Address Counter 
will be incremented after each refresh operation. 


7.6 
Programming 


Upon hardware reset, the DRAM Refresh function is 
disabled (the Refresh Control Register is cleared). 
The following programming steps are needed before 
the Refresh Generator can be used. Since the rate 
of refresh cycles depends on how TIMER 1 is pro- 
grammed, this timer must be initialized with the de- 
sired mode of operation as well as the correct 
refresh interval (see Programming Interval Timer). 
Whether or not wait states are to be generated dur- 
ing a refresh cycle, the Refresh Wait State Register 
must also be programmed with the appropriate val- 
ue. Then, the DRAM Refresh feature must be en- 
abled and the DRAM bus width should be defined. 
These can be done in one step by writing the appro- 
priate control word into the Refresh Control Register 


(see Register Bit Definition). After these steps are 
done, the refresh operation will automatically be in- 
voked by the Refresh Generator upon expiration of 
Timer 1. 


In addition to the above programming steps, it 
should be noted that after reset, although the 
TOUT1/REF# 
becomes the Time 1 output, the 
state of this pin in undefined. This is because the 
Timer module has not been initialized yet. Therefore, 
if this output is used as a DRAM Refresh signal, this 
pin should be disqualified by external logic until the 
Refresh function is enabled. One simple solution is 
to logically AND this output with HLDA, since HLDA 
should not be active after reset. 


7.7 
Register Bit Definition 


REFRESH 
CONTROL 
REGISTER 


Port Address: 1CH 
(Read/Write) 


8.0 
RELOCATION 
REGISTER, 
ADDRESS 
DECODE, 
AND 
CHIP-SELECT 
(CHPSEL#) 


8.1 
Relocation 
Register 


All the integrated peripheral devices in the 82370 
are controlled by a set of internal registers. These 
registers span a total of 256 consecutive address 
locations (although not all the 256 locations are 
used). The 82370 provides a Relocation Register 
which allows the user to map this set of internal reg- 
isters into either the memory or I/O address space. 
The function of the Relocation Register is to define 
the base address of the internal register set of the 
82370 as well as if the registers are to be memory- 
or I/O-mapped. The format of the Relocation Regis- 
ter is depicted in Figure 8-1. 


00 
REF'. DISABLED 
01 
INTEL 
RESERVED 
10 
BUS 
SIZE = 16 
11 
BUS SIZE 
=8 
290164-93 
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07 
06 
05 
04 
03 
02 
01 
DO 


FOR I/O MAPPED:AI5-A9 
FOR MEMORYMAPPED:A23-A 16 


Port Address: 7FH 
(Read/Write) 


o -I/O 
MAPPED 
I-MEMORY 
MAPPED 
290164-94 


Figure 8-1. Relocation Register 


Note that the Relocation Register is part of the inter- 
nal register set of the 82370. It has a port address of 
7FH. Therefore, any time the content of the Reloca- 
tion Register is changed, the physical location of this 
register will also be moved. Upon reset of the 82370, 
the content 
of the 
Relocation Register will be 
cleared. This implies that the 82370 will respond to 
its 1/0 addresses in the range of OOOOHto OOFFH. 


8.1.1 I/O-MAPPED 82370 


As shown in the figure, Bit 0 of the Relocation Regis- 
ter determines whether the 82370 registers are to be 
memory-mapped or I/O mapped. When Bit 0 is set 
to '0', the 82370 will respond to 1/0 Addresses. Ad- 
dress signals BHE#, BLE#, A1-A7 will be used to 
select one of the internal registers to be accessed. 
Bit 1 to Bit 7 of the Relocation Register will corre- 
spond to A9 to A15 of the Address bus, respectively. 
Together with A8 implied to be '0', A15 to A8 will be 
fully decoded by the 82370. The following shows 
how the 82370 is mapped into the 1/0 
address 
space. 


Example 


Relocation Register = 11001110 
(OCEH) 


82370 will respond to 1/0 
address range from 
OCEOOHto OCEFFH. 


Therefore, this 1/0 mapping mechanism allows the 
82370 internal registers to be located on any even, 
contiguous, 256 byte boundary of the system 1/0 
space. 


8.1.2 MEMORY-MAPPED 82370 


When Bit 0 of the Relocation Register is set to '1', 
the 82370 will respond to memory addresses. Again, 


Address signals BHE#, BLE#, A1-A7 will be used 
to select one of the internal registers to be ac- 
cessed. Bit 1 to Bit 7 of the Relocation Register will 
correspond to A17-A23, 
respectively. A16 is as,- 
sumed to be '0', and A8-A 15 are ignored. Consider 
the following example. 


Example 


Relocation Register = 10100111 
(OA7H) 


The 82370 will respond to memory addresses in 
the range of A6XXOOHto A60XXFFH (where 'X' is 
don't care). 


This scheme implies that the internal registers can 
be located in any even, contiguous, 2··16 byte paqe 


I of the memory space. 


8.2 Address Decoding 


As mentioned previously, the 82370 internal regis- 
ters do not occupy the entire contiguous 256 ad- 
dress locations. Some of the locations are 'unoccu- 
pied'. The 82370 always decodes the lower 8 ad-· 
dress signals (BHE#, BLE#, A1-A7) to determine if 
anyone of its registers is being accessed. If the ad- 
dress does not correspond to any of its registers, the 
82370 will not respond. This allows external devices 
to be located within the 'holes' in the 82370 address 
space. Note that there are several unused address- 
es reserved for future Intel peripheral devices. 


8.3 Chip-Select (CHPSEL#) 


The Chip-Select signal (CHPSEL#) will go active' 
when the 82370 is addressed in a Slave bus 


9-194 


inter 
82370 


82370 
NOT ACCESSED 


T1 
T2 


CLK2 


ADS# 


CHPSEL# +-__ -+~~W 


READY# 


82370 
ACCESSED- 
2 WAIT STATES 


T1 
"'2 
T2 
T2 


Figure 8-2. CHPSEL# 
Timing 


290164-95 


cycle (either read or write), or in an interrupt ac- 
knowledge cycle in which the 82370 will drive the 
Data Bus. For a given bus cycle, CHPSEL# be- 
comes active and valid in the first T2 (in a non-pipe- 
lined cycle) or in T1P (in a pipelined cycle). It will 
stay valid until the cycle is terminated by.READY# 
driven active. As CHPSEL# becomes valid well be- 
fore the 82370 drives the Data Bus, it can be used to 
control the transceivers that connect the local CPU 
bus to the system bus. The timing diagram of 
CHPSEL# is shown in Figure 8-2. 


9.0 CPU RESET AND SHUTDOWN 


, DETECT 


The 82370 will activate the CPURST signal to reset 
the host processor when one of the following condi- 
tions occurs: 
- 
82370 RESET is active; 
- 
82370 detects a 80376 Shutdown cycle (this fea- 
ture can be disabled); 
- 
CPURST software command is issued to 80376. 


Whenever the CPURST signal is activated, the 
82370 will reset its own internal Slave-Bus state ma- 
chine. 


9.1 
Hardware 
Reset 


Following a hardware reset, the 82370 will assert its 
CPURST output to reset the host processor. This 
output will stay active for as long as the RESET input 
is active, During a hardware reset, the 82370 internal 
registers will be initialized as defined in the corre- 
sponding functional descriptions. 


9.2 Software 
Reset 


CPURST can be generated by writing the following 
bit pattern into 82370 register location 64H. 
D7 
DO 
1111XXXO 


The Write operation into this port is considered as 
an 82370 access and the internal Wait State Gener- 
ator will automatically determine the required num- 
ber of wait states. The CPURSTwill be active follow- 
ing the completion of the Write cy.cle to this port. 
This signal will last for 62 CLK2 periods, The 82370 
should not be accessed until the CPURST is deacti- 
vated. 


This internal port is Write-Only and the 82370 will 
not respond to a Read operation to this location. 
Also, during a software reset command, the 823?0 
will reset its Slave-Bus state machine. However, Its 
internal registers remain unchanged. This allows the 
operating system to 'distinguish a 'warm' reset by 
reading any 82370 internal register previously pro- 
grammed for a non-default value. The Diagnostic 
registers can be used for this purpose (see Internal 
Control and Diagnostic Ports). 


9.3 
Shutdown 
Detect 


The 82370 is constantly monitoring the Bus Cycle 
Definition signals (M/IO#, 
D/C#, 
W/R#) 
and is 
able to detect when the 80376 is in a Shutdown bus 
cycle. Upon detection of a processor shutdown, the 9 
82370 will activate the CPURST output for 62 CLK2 
periods to reset the host processor. This signal is 
generated after the Shutdown cycle is terminated by 
the READY# signal. 


/ 
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10.2 
Diagnostic 
Ports 
Although the 82370 Wait State Generator will not 
automatically respond to a Shutdown (or Halt) cycle, 
the Wait State Control inputs (WSCO,WSC1) can be 
used to determine the number of wait states in the 
same manner as other non-82370 bus cycles. 


This Shutdown Detect feature can be enabled or dis- 
abled by writing a control bit in the Internal Control 
Port at address 61H (see Internal Control and Diag- 
nostic Ports). This feature is disabled upon a hard- 
ware reset of the 82370. As in the case of Software 
Reset, the 82370 will reset its Slave-Bus state ma- 
chine but will not change any of its internal register 
contents. 


10.0 
INTERNAL 
CONTROL 
AND 
DIAGNOSTIC 
PORTS 


10.1 
Internal Control Port 


The format of the Internal Control Port of the 82370 
is shown in Figure 10-1. This Control Port is used to 
enable/disable 
the 
Processor Shutdown 
Detect 
mechanism as well as controlling the Gate inputs of 
the Timer 2 and 3. Note that this is a Write-Only port. 
Therefore, the 82370 will not respond to a read op- 
eration to this port. Upon hardware reset, this port 
will be cleared; i.e., the Shutdown Detect feature 
and the Gate inputs of Timer 2 and 3 are disabled. 


Port Address: 
61H 
(Write only) 


Two 8-bit read/write Diagnostic Ports are provided 
in the 82370. These are two storage registers and 
have no effect on the operation of the 82370. They 
can be used to store checkpoint data or error COdEtS 
in the power-on sequence and in the diagnostic 
service routines. As mentioned in the CPU RESET 
AND SHUTDOWN DETECT section, these Diagnos- 
tic Ports can be used to distinguish between 'cold' 
and 'warm' reset. Upon hardware reset, both Diag- 
nostic Ports are cleared. The address map of these 
Diagnost!c Ports is shown in Figure 10-2. 


Port 
Address ] 
Diagnostic Port 1 
(Read/Write) 
80H 
Diagnostic Port 2 
(Read/Write) 
88H 


Figure 10-2. Address Map of Diagnostic Ports 


11.0 
INTEL RESERVED 
1/0 PORTS 


There are nineteen I/O ports in the 82370 address 
space which are reserved for Intel future peripheral 
device use only. Their address locations are: 10H, 
12H, 14H, 16H, 2AH, 3DH, 3EH, 45H, 46H, 76H, 
77H, 7DH, 7EH, CCH, CDH, DOH, D2H, D4H, and 
D6H. These addresses should not be used in the 
system since the 82370 will respond to read/write 
operations to these locations and bus contention 
may occur if any peripheral is assigned to the same 
address location. 


06 
00 
07 
05 
04 
03 
02 
01 


290164-96 


Figure 10-1. Internal Control Port 
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calculated from the 8jc and 8ja from the following 
equations: 
12.0 PACKAGE 
THERMAL 


SPECIFICATIONS 


The intel 82370 Integrated System Peripheral is 
specified for operation when case temperature is 
within the range of ooe to 78°e for the ceramic 
132-pin PGA package, and 68°e for the 100-pin 
plastic package. The case temperature may be mea- 
sured in any environment, to determine whether the 
82370 is within specified operating range. The case 
temperature should be measured at the center of 
the top surface opposite the pins. 


The ambient temperature is guaranteed as long as 
Tc is not violated. The ambient temperature can be 


Table 12.182370 
Package Thermal Characteristics 
Thermal Reslstances ("C/Watt) 8Jcand 8Ja 


TJ = Tc + P'Ojc 


TA = Tj - 
P'Oja 


Tc 
=, r, + P'[Oja 
- 
Ojcl 


Values for 8ja and 8jc are given in Table 12.1 for the 
100-lead fine pitch. 8ja is given at various airflows. 
Table 12.2 shows the maximum Ta allowable (with- 
out exceeding Tc>at various airflows. Note that Ta 
can be improved further by attaching "fins" 
or a 


"heat sink" to the package. P is calculated using the 
maximum hot Icc. 


I 
1 
1 
31 
3 
I 
I 


Package 
8Jc 
8JaVersus Alrflow·tt3/mln 
(m3/sec) 


0 
200 
400 
600 
800 
1000 
(0) 
(1.01) 
(2.03) 
(3.04) 
(4.06) 
(5.07) 


100L Fine Pitch 
7 
33 
27 
24 
21 
18 
17 


132L PGA 
2 
21 
17 
14 
12 
11 
10 


Table 12.282370 
Maximum Allowable Ambient 
Temperature at Various Airflows 


I 
1 
I 
3 
I 
3 
I 


Package 
8Jc Ta(c) Versus Alrflow-ft3/mln 
(m3/sec) 


0 
200 
400 
600 
800 
1000 
(0) 
(1.01) 
(2.03) 
(3.04) 
(4.06) 
(5.07) 


1OOLFine Pitch 
7 
63 
74 
79 
85 
91 
92 


132LPGA 
2 
74 
83 
88 
93 
97 
99 


100L PQFP Pkg: 
r, = Ta + P'(/lja - /ljc) 
Te = 63 + 1.21(33 - 7) 
Te = 63 + 1.21(26) 
Te = 63 + 31.46 
Te = 94'C 


132L PGA Pkg: 
Te = Ta + P'(/lja - /ljc) 
Te = 74 + 1.21(21 - 2) 
Te = 74 + 1.21(19) 
Te = 74 + 22.99 
Te = 96'C 
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13.0 ELECTRICAL 
SPECIFICATIONS 


82370 D.C. Specifications 
Functional 
Operating 
Range: 
vcc = 5.0V 
± 10%; TCASE = O°C to 96°C for 132-pin 
PGA, O°C to 94°C for 100-pin plastic 


Symbol 
Parameter 
Description 
Mln 
Max 
Units 
Notes 


Vll 
Input low 
Voltage 
-0.3 
0.8 
V 
(Note 1) 


VIH 
Input High Voltage 
2.0 
vcc + 0.3 
V 


vue 
ClK2 
Input low 
Voltage 
-0.3 
0.8 
V 
(Note 1) 


VIHC 
ClK2 
Input High Voltage 
VCC - 
0.8 
VCC + 0.3 
V 


VOl 
Output low 
Voltage 


IOl = 4mA: 
0.45 
V 


Al-23, 
00-15, 8HE#, 
BlE# 
.i 


IOl = 5 mA: 
0.45 
V 
All Others 


VOH 
Output High Voltage 


IOH = -1 
mA 
A23-A1, 
015-00, 
BHE#, 
BlE# 
2.4 


' 
> 
V 
(Note 5) 


IOH = -0.2 
mA 
A23-A1, 
015-00, 
BHE#, 
BlE# 
VCC - 
0.5 
V 
(Note 5) 


IOH = -0.9 
mA 
All Others 
2.4 
V 
(Note 5) 


IOH = -0.18 
mA 
All Others 
VCC - 
0.5 
V 
(Note 5) 


III 
Input leakage 
Current 
±15 
/LA 
All Inputs Except: 
IRQ11#-IRQ23# 
EOP#, 
TOUT2/IRQ3# 
OREQ4/IRQ9# 


11I1 
Input leakage 
Current 
10 
-300 
/LA 
0< 
VIN < vcc 
Inputs: 
(Note 3) 
IRQ11 # -IRQ23 
# 
, 


. EOP#, 
TOUT2/1RQ3 
OREQ4/IRQ9 


ILO 
Output leakage 
Current 
±15 
/LA 
0< 
VIN < vcc 


Icc 
Supply Current (ClK2 
= 32 MHz) 
220 
mA 
(Note 4) 


Cl 
Input Capacitance 
12 
pF 
(Note 2) 


CClK 
ClK2 
Input Capacitance 
20 
pF 
(Note 2) 


NOTES: 
1. Minimum value is not 100% tested. 
2. fe = 1 MHz; sampled only. 
3. These pins have weak internal pullups. They sould not be left floating. 
4. Ice is specified with inputs driven to CMOS levels, and outputs driving CMOS loads. Ice may be higher if inputs are driven 
to TTl levels, or if outputs are driving TTl loads. 
5. Tested at the minimum operating frequency of the part. 
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CLK2 
[ 
2_V'1 


3.DV~~~ 
VALID 
VALID 
OUTPUT n 
1.5V 
1.5V' 
OUTPUT n+ 1 
DV 


3.DV ~~---I--_","T 


290164-97 


LEGEND: 
A-Maximum 
output delay specification 
B-Minimum 
output delay specification 
~Minimum 
input setup specification 
D-Minimum 
input hold specification 


Figure 13-1. Drive Levels and Measurement Points for A.C. Specification 


82370 A.C. Specificatio'ns 
These A.C. timings are tested at 1.5V thresholds, 
except as noted. 


Functional 
Operating 
Range: vcc = 5.0V ± 10%; TCASE = O°C to 96°C for 132-pin PGA, O°C to 94°C for 
100-pin plastic 


Symbol 
Parameter Description 
Mln 
Max 
Units 
Notes 


Operating 
Frequency 
11(t1a x 2) 
4 
16 
MHz 


t1 
CLK2 Period 
' 
31 
125 
ns 


t2a 
CLK2 High Time 
9 
ns 
At2.0V 


t2b 
CLK2 High Time 
5 
ns 
AtVcc 
- 
O.8V 


t3a 
CLK2 Low Time 
9 
ns 
At2.0V 


t3b 
CLK2 Low Time 
7 
ns 
At O.8V 


t4 
CLK2 Fa" Time 
7 
ns 
vcc - 
0.8V to O.8V 
t5 
CLK2 Rise Time 
7 
ns 
0.8V to vcc - 
O.8V 


t6 
A1-A23, 
BHE#, 
BLE# 
4 
'36 
ns 
CL = 120 pF 


EDACKO-EDACK2 
Valid Delay 
t7 
A1-A23, 
BHE#, 
BLE# 
4 
40 
ns 
(Note 1) 


EDACKO-EDACK3 
Float Delay 


t8 
A 1-A23, 
BHE #, BLE # Setup Time 
6 
ns 


t9 
A 1-A23, 
BHE #, BLE # Hold Time 
4 
ns 


t10 
W/R#, 
MIIO#, 
D/C# 
Valid Delay 
4 
33 
ns 
CL = 75 pF 


t11 
W/R#, 
M/IO#, 
D/C# 
Float Delay 
4 
35 
ns 
(Note 1) 
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82370 A.C. Specifications 
These A.C. timings are tested at 1.5V thresholds, 
except as noted. 


Functional 
Operating 
Range: vcc = 5.0V ± 10%; TCASE = O°C to 96°C for 132-pin PGA, O°C to 94°C for 
100-pin plastic 
(Continued) 


Symbol 
Parameter 
Description 
Mln 
Max 
Units 
Notes 


t12 
W/R#, 
M/IO#, 
O/C# 
Setup Time 
6 
\ 
ns 
t13 
W/R#, 
M/IO#, 
O/C# 
Hold Time 
4 
ns 


t14 
AOS# 
Valid Delay 
6 
33 
ns 
CL = 50 pF 
t15 
ADS # Float Delay 
4 
35 
ns 
(Note 1) 


t16 
ADS # Setup Time 
21 
ns 
t17 
AOS# 
Hold Time 
4 
ns 


t18 
Slave Mode 00-015 
Read Valid 
3 
46 
ns 
CL = 120 pF 
t19 
Slave Mode 00-015 
Read Float 
6 
35 
ns 
(Note 1) 


t20 
Slave Mode 00-015 
Write Setup 
31 
ns 
t21 
Slave Mode 00-015 
Write Hold 
26 
ns 


t22 
Master Mode 00-015 
Write Valid 
4 
40 
ns 
CL = 120 pF 
t23 
Master Mode 00-015 
Write Float 
4 
35 
ns 
(Note 1) 


t24 
Master Mode 00-015 
Read Setup 
8 
ns 
t25 
Master Mode 00-015 
Read Hold 
6 
ns 
..•. 


t26 
READY # Setup Time 
19 
ns 
t27 
READY # Hold Time 
4 
ns 


t28 
WSCO-WSC1 
Setup Time 
6 
ns 
t29 
WSCO-WSC1 
Hold Time 
21 
ns 


t30 
RESET Setup Time 
13 
ns 
t31 
RESET Hold Time 
4 
ns 


t32 
REAOYO# 
Valid Delay 
4 
31 
ns 
CL = 25 pF 


t33 
CPURST Valid Delay (Falling Edge Only) 
2 
18 
ns 
CL = 50 pF 


t34 
HOLD Valid Delay 
5 
33 
ns 
CL = 100 pF 


t35 
HLOA Setup Time 
21 
ns 
t36 
HLOA Hold Time 
6 
ns 


t37a 
EOP# 
Setup (Synchronous) 
21 
ns 
t38a 
EOP# 
Hold (Synchronous) 
6 
ns 


t37b 
EOP# 
Setup (Asynchronous) 
11 
ns 
t38b 
EOP# 
Hold (Asynchronous) 
11 
ns 


t39 
EOP# 
Valid Delay (Falling Edge Only) 
5 
38 
ns 
CL = 100 pF 
t40 
EOP # Float Delay 
5 
40 
ns 
(Note 1) 


t41a 
OREQ Setup (Synchronous) 
21 
ns 
t42a 
OREQ Hold (Synchronous) 
4 
ns 


t41b 
OREQ Setup (Asynchronous) 
11 
ns 
t42b 
OREQ Hold (Asynchronous) 
11 
ns 


t43 
INT Valid Delay from IRQn 
500 
ns 


t44 
NA # Setup Time 
5 
ns 
t45 
NA # Hold Time 
15 
ns 
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82370 A.C. Specifications 
These A.C. timings are tested at'1.5V thresholds, 
except as noted. 


Functional 
Operating 
Range: vcc = 5.0V ± 10%; TCASE = O°C to 96°C for 132-pin PGA, O°C to 94°C for 
1·00-pin plastic (Continued) 


Symbol 
Parameter 
Description 
Mln 
Max 
Units 
Notes 


t46 
CLKIN Frequency 
DC 
10 
MHz 
t47 
CLKIN High Time 
30 
ns 
2.0V 
t4a 
CLKIN Low Time 
50 
ns 
o.av 
t49 
CLKIN Rise Time 
10 
ns 
o.av to 3.7V 
t50 
CLKIN Fall Time 
10 
ns 
3.7Vto 
o.av 


TOUT1 #/REF# 
Valid Delay 
t51 
from CLK~ (Refresh) 
4 
36 
ns 
CL = 120 pF 
t52 
from CLKIN (Timer) 
3 
93 
ns 
CL = 120 pF 


t53 
TOUTU 
Valid Delay 
3 
93 
ns 
CL = 120 pf 
(from CLKIN, Falling Edge Only) 
t54 
TOUT2 # Float Delay 
3 
36 
ns 
(Note 1) 


t55 
TOUT3# 
Valid Delay 
3 
93. 
ns 
CL = 120 pF 
(from CLKIN) 


t56 
CHPSEL# 
Valid Delay 
~.. 


1 
35 
ns 
CL = 25 pF 


NOTE: 
1. Float condition 
occurs 
when 
the maximum 
output 
current 
becomes 
less than 
ILO in magnitude. 
Float delay 
is not tested. 


For testing 
purposes, 
the float condition 
occurs 
when 
the dynamic 
output 
driven voltage 
changes 
with current 
loads. 


82370 
OUTPUT~ 


- 
~CL 


290164-98 
CL indicates 
all parasitic 
capacltances, 


290164-99 


Figure 13·2. A.C. Test Load 
Figure 13·3 
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INPUTSET- UP AND HOLDTI~ING(CONT.) 


Tx 


CLK2 


PHI1 
PHI2 
PHI1 
PHI2 
PHll 


NA#-------------------------1:::::t::::=*------------~------- 


WSC(O-1)-..;..-~--------t::::t:::~---------- 


PHll 
PHI2 
PHI1 
PHI2 
PHll 
PHI2 


CLK2 


A(1-An). 
SHE#.BLE#-----;...-{==C=======:::t==~-::---- 


W/R#."/10#. D/C#-------{==t==========j----- 


R~DY#-~~----------~::~~::~~----------~--------------~ 


ADS#---------------~::~~::~~----------~--~----~------- 


HLDA------~-------~::~~::~~---------------------------- 


~O-15)(D ••AR.ad)--~~--~~----~::~~::~~------~--~----------------- 


~O - 15)(CPUWrite) ----------.::..----~::~~::~r----------------------------- 


EOP#----------------~::~~::~~---------------------------- 


DREQ(O-7)---------{=::!::::}-------......::.....----- 


290164-AO 


Figure 13-4. Input Setup and Hold Timing 
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Tx 


CLK2 
T31 
T30 


RESET 


Hold 
Setup 


Tx 


CLK2 
r- T33 MIN. 
CPURST 


. 
I-- T33 MAX. 


290164-Al 


Figure 13-5. Reset Timing 


Tx 
Tx 
Tx 


A 1 - 23. 
BHE#. BLE# 


CLK2 


PHI1 
I 
PHI2 
PHll 
I 
PHI2 
PHI1 
I 
PHI2 


~ 
~ 
~ 
~ 
--- T6Mln 
x 


T6Max 
--- T6Mln 


T6Max 
--- T7Mln 
. 
-- 


T7Max 
--- T14Mln 


xxx 


T14Max 
--- T14Mln 


,XXX. 


T14Max 
--- T15Mln 
ryyy 


T15Max 
----. T34Mln 
'///1 


T34Max 
...• r--T56Mln 
I\\\\\\. 
'///// 
IT56t.4ax 


A 1 - 23. 
BHE#. BLE# 
EDACK(O - 2) 


A 1 - 23. 
BHE#. BLE# 
• 


ADS# 


ADS# 


ADSII 


HOLD 


CHPSEL# 


290164-A2 


Figure 13-6. Address Output Delays 
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Tx 
Tx 
PHll 
PHI2 
PHll 
PHI2 
PHll 
PHI2 


D(O-15)(CPU 
READ) 


n8~ax 
n9~ax 


D(O-15)(DMA 
WRITE) 


D(O-15)(DMA 
WRITE) 


D(O-15)(D~A 
WRITE) 
1-----.•• 
T23~ax 


290164-A3 


Figure 13-7. Data Bus Output Delays 


Tx 
Tx 
Tx 


CLK2 ~ 
..--.. nOMln 
xxx 


nOMax 
..--.. nl~ln 


,A.A. 


nl~ax 
--- nO~ln 


xx 
- 


nOMax 
--- T32~ln 
. 


T32~ax 
--- T39~ln 
xxx 


T39~ax 
~ 
To40~ln 
VillI 
e 


T40~ax 
~ 
T51~ln 
xxx 
i 


T51Max 


W/R#. 
~/IO#.D/C# 


W/R#. 
~/IO#.D/C# 


W/R#. 
~/IO#.D/C# 


READYO# 


EOP# 


EOP# 


REF# 


290164-A4 


Figure 13-8. Control 
OutPl!t Delays 
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CLKIN 


TOUT1 
-t~~::~~:;-------------------------------- 


TOUT2# ----------+-on 


TOUT2# ----:-:.....;..;..--7':-.~1::i~- 


TOUT3# 
~----~----~_t~~~~~:_--------------------------~---- 


290164-A5 


Figure 13-9. Timer Output Delays 
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APPENDIX 
A 
PORTS LISTED BY ADDRESS 


Port Address 
Description 
' 
(HEX) 


00 
Read/Write 
DMA Channel 0 Target Address, 
AO-A 15 
01 
Read/Write 
DMA Channel 0 8yte Count, 80-815 
02 
Read/Write 
DMA Channel 
1 Target Address, 
AO-A 15 
03 
Read/Write 
DMA Channel 
1 8yte Count, 80-815 
04 
1= 
Read/Write 
DMA Channel 
2 Target Address, 
AO-A 15 
05 
Read/Write 
DMA Channel 
2 8yte Count, 80-815 
06 
Read/Write 
DMA Channel 
3 Target Address, 
AO-A15 
07 
Read/Write 
DMA Channel 
3 8yte Count, 80-815 
08 
Read/Write 
DMA Channel 0-3 
Status/Command 
I Register 
09 
Read/Write 
DMA Channel 0-3 
Software 
Request 
Register 
OA 
Write DMA Channel 
0-3 
Set-Reset 
Mask Register 
08 
Write DMA Channel 
0-3 
Mode Register 
I 
OC 
Write Clear 8yte-Pointer 
FF 
OD 
Write DMA Master-Clear 
OE 
Write DMA Channel 
0-3 
Clear Mask Register 
OF 
Read/Write 
DMA Channel 
0-3 
Mask Register 
10 
Intel Reserved 
11 
Read/Write 
DMA Channel 
0 8yte Count, 816-823 
12 
Intel Reserved 
13 
Read/Write 
DMA Channel 
1 8yte Count, 816-823 
14 
Intel Reserved 
15 
Read/Write 
DMA Channel 
2 8yte Count, 816-823 
16 
Intel Reserved 
17 
Read/Write 
DMA Channel 3 8yte Count, 816-823 
18 
Write DMA Channel 0-3 
8us Size Register 
19 
Read/Write 
DMA Channel 0-3 
Chaining 
Register 
1A 
Write DMA Channel 0-3 
Command 
Register 
11 
18 
Write DMA Channel 0-3 
Mode Register 
11 
1C 
Read/Write 
Refresh Control 
Register 
1E 
Reset Software 
Request 
Interrupt 
20 
Write 8ank 8 ICW1, OCW2 or OCW3 
Read 8ank 8 Poll, Interrupt 
Request or In-Service 
Status Register 
21 
Write 8ank 8 ICW2, ICW3, ICW4 or OCW1 
Read 8ank 8 Interrupt 
Mask Register 
22 
Read 8ank 8 ICW2 
28 
Read/Write 
IR08 Vector Register 
29 
Read/Write 
IR09 Vector Register 
2A 
Reserved 
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Port Address 
Description 
(HEX) 
, 
'."l 


2B 
Read/Write 
IRQ11 Vector Register 
2C 
J 
Read/Write 
IRQ12 Vector Register 
20 
Read/Write 
IRQ13 Vector Register 
2E 
Read/Write 
IRQ14 Vector Register 
2F 
Read/Write 
IRQ15 Vector Register 
30 
Write Bank A ICW1, OCW2 or OCW3 
. 
Read Bank A Poll, Interrupt 
Request or In-Service 
Status Register 
31 
Write Bank A ICW2, ICW3, ICW4 or OCW1 
Read Bank A Interrupt 
Mask Register 
32 
Read Bank A ICW2 
\' 


38 
Read/Write 
IROO Vector Register 
39 
Read/Write 
IRQ1 Vector Register 
3A 
Read/Write 
IRQ1.5 Vector Register, 


3B 
Read/Write 
IRQ3 Vector Register 
3C 
Read/Write 
IRQ4 Vector Register 
3D 
Reserved 
3E 


f 


Reserved 
3F 
Read/Write 
IRQ7 Vector Register 
40 
Read/Write, 
Counter 0 Register 
41 
Read/Write 
Counter 
1 Register 
42 
. Read/Write 
Counter 2 Register 
43 
Write Control Word Register 
I-Counter 
0, 1, 2 
44 
Read/Write 
Counter 3 Register 
45 
Reserved 
46 
Reserved 
47 
I, 
Write Word Register 
II-Counter 
3 
61 
Write Internal Control 
Port 
64 
Write CPU Reset Register (Data-1111 
XXXOH) 
72 
Read/Write 
Wait State Register 0 
73 
, 
Read/Write 
Wait State Register 
1 
74 
Read/Write 
Wait State Register 2 
75 
Read/Write 
Refresh Wait State Register 
76 
Reserved 
77 
Reserved 
70 
Reserved 
7E 
Reserved 
7F 
Read/Write 
Relocation 
Register 
80 
Read/Write 
Internal Diagnostic 
Port 0 
81 
Read/Write 
DMA Channel 2 Target Address, 
A 16-A23 
82 
Read/Write 
DMA Channel 3 Target Address, 
A 16-A23 
83 
Read/Write 
DMA Channel 
1 Target Address, 
A 16-A23 
87 
Read/Write 
DMA Channel 0 Target Address, 
A16-A23 
88 
Read/Write 
Internal Diagnostic 
Port 1 
89 
Read/Write 
DMA Channel 6 Target Address, 
A 16-A23 
8A 
Read/Write 
DMA Channel 
7 Target Address, 
A16-A23 
8B 
Read/Write 
DMA Channel 5 Target Address, 
A 16-A23 
8F 
Read/Write 
DMA Channel 4 Target Address, 
A 16-A23 
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Port Address 
Description 
(HEX) 


90 
Read/Write 
DMA Channel 0 Requester 
Address, 
AO-A 15 
91 
Read/Write 
DMA Channel 0 Requester 
Address, 
A16-A23 
92 
Read/Write 
DMA Channel 
1 Requester 
Address, 
AO-A 15 
93 
Read/Write 
DMA Channel 
1 Requester 
Address, 
A16-A23 
94 
Read/Write 
DMA Channel 2 Requester 
Address, 
AO-A 15 
95 
Read/Write 
DMA Channel 2 Requester 
Address, 
A 16-A23 
96 
Read/Write 
DMA Channel 3 Requester 
Address, 
AO-A 15 
97 
Read/Write 
DMA Channel 
3 Requester 
Address, 
A 16-A23 
98 
Read/Write 
DMA Channel 4 Requester 
Address, 
AO-A 15 
99 
Read/Write 
DMA Channel 4 Requester 
Address, 
A 16-A23 
9A 
Read/Write 
DMA ChannelS 
Requester 
Address, 
AO-A 15 
9B 
Read/Write 
DMA ChannelS 
Requester 
Address, 
A16-A23 
9C 
Read/Write 
DMA Channel 
6 Requester 
Address, 
AO-A 15 
9D 
Read/Write 
DMA Channel 
6 Requester 
Address, 
A 16-A23 
9E 
Read/Write 
DMA Channel 
7 Requester 
Address, 
AO-A 15 


/ 
9F 
Read/Write 
DMA Channel 
7 Requester 
Address, 
A16-A23 
AO 
Write Bank C ICW1, OCW2 or OCW3 
Read Bank C Poll, Interrupt 
Request 
or In-Service 
Status Register 
A1 
Write Bank C ICW2, ICW3, ICW4 or OCW1 
Read Bank C Interrupt 
Mask Register 
A2 
Read Bank C ICW2 
A8 
Read/Write 
IRQ16 Vector Register 
A9 
Read/Write 
IRQ17 Vector Register 
AA 
Read/Write 
IRQ18 Vector Register 
AB 
Read/Write 
IRQ19 Vector Register 
AC 
Read/Write 
IRQ20 Vector Register 
AD 
Read/Write 
IRQ21 Vector Register 
AE 
Read/Write 
IRQ22 Vector Register 
AF 
Read/Write 
IRQ23 Vector Register 
CO 
Read/Write 
DMA Channel 4 Target Address, 
AO-A15 
C1 
Read/Write 
DMA Channel 4 Byte Count, BO-B15 
C2 
Read/Write 
DMA ChannelS 
Target Address, 
AO-A15 
C3 
Read/Write 
DMA ChannelS 
Byte Count, BO-B15 
C4 
Read/Write 
DMA Channel 
6 Target Address, 
AO-A 15 
CS 
Read/Write 
DMA Channel 
6 Byte Count, BO-B15 
C6 
Read/Write 
DMA Channel 
7 Target Address, 
AO-A 15 
C7 
Read/Write 
DMA Channel 
7 Byte Count, BO-B15 
C8 
Read DMA Channel 
4-7 
Status/Command 
I Register 
C9 
Read/Write 
DMA Channel 4- 7 Software 
Request 
Register 
CA 
Write DMA Channel 4-7 
Set-Reset 
Mask Register 
CB 
Write DMA Channel 4-7 
Mode Register 
I 
CC 
Reserved 
CD 
Reserved 
CE 
Write DMA Channel 4-7 
Clear Mask Register 
CF 
Read/Write 
DMA Channel 
4-7 
Mask Register 
DO 
Intel Reserved 
D1 
Read/Write 
DMA Channel 4 Byte Count, B16-B23 
D2 
Intel Reserved 
D3 
Read/Write 
DMA ChannelS 
Byte Count, B16-B23 
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Port Address 
Description 
(HEX) 


04 
Intel Reserved 
05 
Read/Write 
OMA Channel 6 Byte Count, B16-B23 
06 
Intel Reserved 
r 


07 
Read/Write 
OMA Channel 
7 Byte Count, B16-B23 
08 
Write OMA Channel 4-7 
Bus Size Register 
09 
Read/Write 
OMA Channel 4-7 
Chaining Register 
OA 
Write OMA Channel 4-7 
Command 
Register 
11 
DB 
Write OMA Channel 
4-7 
Mode Register 
11 
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APPENDIX 
B 
PORTS LISTED BY FUNCTION 


Port Address 
, 


(HEX) 
Description 
., 


DMA CONTROLLER 


00 
Write OMA Master-Clear 


OC 
Write OMA Clear Byte-Pointer 
FF 


08 
Read/Write 
OMA Channel 0-3 
Status/Command 
I Register 
C8 
Read/Write 
OMA Channel 4-7 
Status/Command 
I Register 
1A 
Write OMA Channel 
0-3 
Command 
Register 
11 
OA 
Write OMA Channel 4-7 
Command 
Register 
11 


OB 
Write OMA Channel 
0-3 
Mode Register 
I 
CB 
Write OMA Channel 4-7 
Mode Register 
I 


1B 
Write OMA Channel 0-3 
Mode Register 
11 


DB 
Write OMA Channel 
4-7 
Mode Register 
11 


09 
Read/Write 
OMA Channel 
0-3 
Software 
Request 
Register 


C9 
Read/Write 
OMA Channel 4-7 
Software 
Request 
Register 
1E 
Reset Software 
Request 
Interrupt 


OE 
Write OMA Channel 0-3 
Clear Mask Register 
CE 
Write OMA Channel 4-7 
Clear Mask Register 
OF 
Read/Write 
OMA Channel 0-3 
Mask Register 
CF 
Read/Write 
OMA Channel 4-7 
Mask Register 
OA 
Write OMA Channel 0-3 
Set-Reset 
Mask Register 
CA 
Write OMA Channel 4-7 
Set-Reset 
Mask Register 


18 
Write OMA Channel 
0-3 
Bus Size Register 
08 
Write OMA Channel 
4-7 
Bus Size Register 


19 
Read/Write 
OMA Channel 0-3 
Chaining 
Register 
09 
Read/Write 
OMA Channel 4-7 
Chaining Register 


00 
Read/Write 
OMA Channel 
0 Target Address, AO-A 15 
87 
Read/Write 
OMA Channel 
0 Target Address, 
A 16-A23 
01 
Read/Write 
OMA Channel 0 Byte Count, BO- B15 
11 
Read/Write 
OMA Channel 0 Byte Count, B16-B23 
90 
Read/Write 
OMA Channel 0 Requester 
Address, 
AO-A 15 
91 
Read/Write 
OMA Channel 0 Requester 
Address, 
A 16-A23 
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Port Address 
(HEX) 
Description 


DMA CONTROLLER 
(Continued) 


- 


02 
Read/Write 
DMA Channel 
1 Target Address, 
AO-A 15 
83 
Read/Write 
DMA Channel 
1 Target Address, 
A 16-A23 
03 
Read/Write 
DMA Channel 
1 8yte Count, 80-815 
13 
Read/Write 
DMA Channel 
1 8yte Count, 816-823 
92 
Read/Write 
DMA Channel 
1 Requester 
Address, 
AO-A 15 
93 
Read/Write 
DMA Channel 
1 Requester 
Address, 
A16-A23 


04 
81 
05 
15 
94 
95 


06 
82 
07 
17 
96 
97 


CO 
8F 
C1 


, 
D1 
98 
99 


C2 
88 
C3 
D3 
9A 
98 


C4 
89 
C5 
D5 
9C 
9D 


C6 
8A 
C7 
D7 
9E 
9F 


,.1' 


Read/Write 
DMA Channel 
2 Target Address, 
AO-A 15 
Read/Write 
DMA Channel 
2 Target Address, 
A 16-A23 
Read/Write 
DMA Channel 
2 8yte Count, 80-815 
Read/Write 
DMA Channel 
2 8yte Count, 816-823 
Read/Write 
DMA Channel 
2 Requester 
Address, 
AO-A 15 
Read/Write 
DMA Channel 
2 Requester 
Address, 
A 16-A23 


Read/Write 
DMA Channel 
3 Target Address, 
AO-A 15 
Read/Write 
DMA Channel 3 Target Address, 
A 16-A23 
Read/Write 
DMA Channel 
3 Byte Count, 80-815 
Read/Write 
DMA Channel 
3 Byte Count, 816-823 
Read/Write 
DMA Channel 
3 Requester 
Address, 
AO-A 15 
Read/Write 
DMA Channel 
3 Requester 
Address, 
A16-A23 
1- 


Read/Write 
DMA Channel 4 Target Address, 
AO-A 15 
Read/Write 
DMA Channel 4 Target Address, 
A 16-A23 
Read/Write 
DMA Channel 4 8yte Count, 80-815 
Read/Write 
DMA Channel 
4 8yte Count, 816-823 
Read/Write 
DMA Channel 4 Requester 
Address, 
AO-A 15 
Read/Write 
DMA Channel 4 Requester 
Address, 
A16-A23 


Read/Write 
DMA Channel 
5 Target Address, 
AO-A 15 
Read/Write 
DMA Channel 5 Target Address, 
A16-A23 
Read/Write 
DMA Channel 5 8yte Count, 80-815 
Read/Write 
DMA Channel 
5 8yte Count, 816-B23 
Read/Write 
DMA Channel 
5 Requester 
Address, 
AO-A15' 


Read/Write 
DMA Channel 
5 Requester 
Address, 
A 16-A23 


Read/Write 
DMA Channel 
6 Target Address, 
AO-A 15 
Read/Write 
DMA Channel 
6 Target Address, 
A16-A23 
Read/Write 
DMA Channel 
6 8yte Count, 80-815 
Read/Write 
DMA Channel 6 Byte Count, 816-823 
Read/Write 
DMA Channel 6 Requester 
Address, 
AO-A15 
Read/Write 
DMA Channel 6 Requester 
Address, 
A16-A23 


Read/Write 
DMA Channel 
7 Target Address, 
AO-A 15 
Read/Write 
DMA Channel 
7 Target Address, 
A 16-A23 
Read/Write 
DMA Channel 
7 8yte Count, 80-815 
Read/Write 
DMA Channel 
7 Byte Count, 816-823 
Read/Write 
DMA Channel 
7 Requester 
Address, 
AO-A 15 
Read/Write 
DMA Channel 
7 Requester 
Address, 
A 16-A23 
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Port Address 
Description 
(HEX) 
,; 


INTERRUPT 
CONTROLLER 


20 
Write Bank B ICW1, OCW2 or OCW3 
Read Bank B Poll, Interrupt 
Request or In-Service 
Status Register 
21 
Write Bank B ICW2, ICW3, ICW4 or OCW1 
Read Bank B Interrupt 
Mask Register 
22 
, 
Read Bank B ICW2 
28 
Read/Write 
IR08 Vector Register 
29 
Read/Write 
IR09 Vector Register 
2A 
Reserved 
2B 
Read/Write 
IR011 
Vector Register 
2C 
Read/Write 
IR012 
Vector Register 
20 
Read/Write 
IR013 
Vector 
Register 
2E 
Read/Write 
IR014 
Vector Register 
2F 
Read/Write 
IR015 
Vector Register 


AO 
Write Bank C ICW1, OCW2 or OCW3 
Read Bank C Poll, Interrupt 
Request or In-Service 
.: 
Status Register 
, 
A1 
Write Bank C ICW2, ICW3, ICW4 or OCW1 
Read Bank C Interrupt 
Mask Register 
A2 
Read Bank C ICW2 
A8 
Read/Write 
IR016 
Vector Register 
A9 
Read/Write 
IR01? 
Vector Register 
AA 
Read/Write 
IR018 
Vector Register 
AB 
Read/Write 
IR019 
Vector Register 
AC 
Read/Write 
IR020 
Vector Register 
AD 
Read/Write 
IR021 
Vector Register 
AE 
Read/Write 
IR022 
Vector Register 
AF 
Read/Write 
IR023 
Vector Register 


30 
Write Bank A ICW1, OCW2 or OCW3 
Read Bank A Poll, Interrupt 
Request 
or In-Service 
Status Register 
31 
Write Bank A ICW2, ICW3, ICW4 or OCW1 
Read Bank A Interrupt 
Mask Register 
32 
Read Bank A ICW2 
- 


38 
Read/Write 
IROO Vector Register 
39 
Read/Write 
IR01 Vector Register 
3A 
Read/Write 
IR01.5 
Vector Register 
3B 
Read/Write 
IR03 Vector Register 
3C 
Read/Write 
IR04 Vector Register 
3D 
Reserved 
3E 
Reserved 
3F 
Read/Write 
IRO? Vector Register 
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/ 


Port Address 
Description 
(HEX) 


PROGRAMMABLE 
INTERVAL 
TIMER 


40 
Read/Write 
Counter 0 Register 
41 
Read/Write 
Counter 
1 Register 


42 
Read/Write 
Counter 2 Register 


43 
Write Control Word Register 
I-Counter 
0, 1, 2 
~ 
44 
Read/Write 
Counter 3 Register 


47 
Write Word Register 
II-Counter 
3 


CPU RESET 


64 
, 
Write CPU Reset Register 
(Data-1111 
)()(XOH) 


-" 
WAIT STATE GENERATOR 


72 
Read/Write 
Wait State Register 0 


73 
Read/Write 
Wait State Register 
1 


74 
Read/Write 
Wait State Register 
2 


75 
Read/Write 
Refresh Wait State Register 


DRAM REFRESH 
CONTROLLER 
, 
I 


1C 
Read/Write 
Refresh Control Register 


INTERNAL 
CONTROL 
AND DIAGNOSTIC 
PORTS 


61 
Write Internal Control Port 
60 
Read/Write 
Internal Diagnostic 
Port 0 


66 
Read/Write 
Internal Diagnostic 
Port 1 


RELOCATION 
REGISTER 


7F 
Read/Write 
Relocation 
Register 
. 


INTEL RESERVED 
PORTS 


10 
Reserved 
12 
Reserved 
14 
Reserved 
16 
Reserved 
2A 
Reserved 
3D 
Reserved 
3E 
Reserved 
45 
Reserved 
46 
Reserved 
76 
Reserved 
77 
Reserved 
7D 
Reserved 
7E 
Reserved 
CC 
Reserved 
CD 
Reserved 
DO 
Reserved 
D2 
Reserved 
D4 
Reserved 
D6 
Reserved 
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APPENDIX 
C 
SYSTEM NOTES 


1. BHE# 
IN MASTER 
MODE. 


In Master Mode, SHE # will be activated 
during DMA to/from 
s-blt devices 
residing at even locations 
when 
the remaining 
byte count is greater 
than 1. 


For example, 
if an 8·bit device is located at 00000000 
Hex and the number of bytes to be transferred 
is > 1, 
the first address/SHE 
# combination 
will be 00000000/0. 
In some systems this will cause the bus controller 
to perform 
two 8-bit accesses, 
the first to 0000000 
Hex and the second 
to 00000001 
Hex. However, 
the 
82370's 
DMA will only read/write 
one byte. This mayor 
may not cause a problem 
in the system 
depending 
on what is located 
at 00000001 
Hex. 


Solution: 


There 
are two solutions 
if SH # .active is unacceptable. 
Of the two, 
number 
2 is the cleanest 
and most 
recommended. 


1. If there is an 8-bit device that uses DMA located 
at an even address, 
do not use that address + 1. The 
limitation 
of this solution 
is that the user must have complete 
control 
over what addresses 
will be used in 
the end system. 


2. Do not allow the Sus Controller 
to split cycles for the DMA. 


82370 TIMER UNIT NOTES 


The 82370 DMA Controller 
with Integrated 
System 
Peripherals 
is functionally 
inconsistent 
with the data sheet. 


This document 
explains 
the behavior 
of the 82370 Timer Unit and outlines 
subsequent 
limitations 
of the timer 
unit. This document 
also provides 
recommended 
workarounds. 


1.0 WRITE CYCLES TO THE 82370 TIMER UNIT: 


This errata applies 
only to SLAVE WRITE cycles to the 82370 timer unit. During these cycles, the data being 
written 
into the 82370 
timer 
unit may be corrupted 
if asynchronous 
CLKIN 
is not inhibited 
during 
a certain 
"window" 
of the write cycle. 
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1.1 Description 


Please refer to Figure C-2. 


During write cycles to the 82370 timer unit, the 82370 translates 
the 80376 interface 
signals such as /I ADS, 
/lW/A, 
/lM/IO, 
and #D/C 
into several 
internal 
signals that control 
the operation 
of the internal 
sub-blocks 
(e.g. Timer 
Unit). 


The 82370 timer uint is controlled 
by such internal 
signals. These internal 
signals are generated 
and sampled 
with respect 
to two separate 
clock signals: CLK2 (the system 
clock) and CLKIN (the 82370 timer unit clock). 


Since the CLKIN and CLK2 clock signals are used internally 
to generate 
control 
signals for the interface 
to the 
timer unit, some timing parameters 
must be met in order for the interface 
logic to function 
properly. 


Those 
timing parameters 
are met by inhibiting 
the CLKIN signal for a specific 
window 
during Write Cycles to 
the 82370 Timer Unit. 


The CLKIN signal must be inhibited 
using external 
logic, as the GATE function 
of the 82370 timer unit is not 
guaranteed 
to totally 
inhibit CLKIN. 


1.2 Consequences 


This CLKIN inhibits circuitry 
guarantees 
proper write cycles to the 82370 timer unit. 


Without 
this 
solution, 
write 
cycles 
to the 82370 
timer 
unit could 
place 
corrupted 
data 
into the timer 
unit 
registers. 
This, in turn, could yield inaccurate 
results and improper 
timer operation. 


The proposed 
solution 
would involve a hardware 
modification 
for existing 
systems. 


1.3 Solution 


A timing waveform 
(Figure C-3) shows the specific 
window 
during which CLKIN must be inhibited. 
Please note 
that CLKIN must only be inhibited 
during the window 
shown in Figure C-3. This window 
is defined 
by two AC 
timing parameters: 


ta = 9 ns 


tt> = 28 ns 


The proposed 
solution 
provides 
a certain 
amount 
of system 
"guardband" 
to make sure that this window 
is 
avoided. 


PAL equations 
for a suggested 
workaround 
are also included. 
Please refer to the comments 
in the PAL codes 
for stated 
assumptions 
of this particular 
workaround. 
A state diagram 
(Figure C-4) is provided 
to help clarify 
how this PAL is designed. 


Figure C-5 shows 
how this PAL would fit into a system workaround. 
In order to show the effect 
of this work- 
around on the CLKIN signal, Figure C-6 shows how CLKIN is inhibited. 
Note that you must still meet the CLKIN 
AC timing parameters 
(e.g. 47 (min), 48 (min» in order for the timer unit to function 
properly. 


Please note that this workaround 
has not been tested. 
It is provided 
as a suggested 
solution. 
Actual solutionl~ 
will vary from system to system, 
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1.4 Long Term Plans 


Intel has no plans to fix this behavior 
in the 82370 timer unit. 


module Timer_82370_Fix 
flag '-r2', '-q2', '-fl', '-t4', '-wl,3,6,5,4,16,7,12,17,18,15,14' 
title 
'82370 Timer Unit CLKIN 
INHIBIT signal PAL Solution ' 
Timer_Unit_Fix 
device 
'P16R6'; 


"This PAL inhibits the CLKIN signal 
(that comes from an oscillator) 
"during Slave Writes to the 82370 Timer unit. 
"·ASSUMPTION: 
This PAL assumes that an external system address 
decoder provides a Signal to indicate that an 82370 
Timer Unit access is taking place. This input 
Signal is called TMR in this PAL. This PAL also 
assumes that this TMR Signal occurs during a 
specific T-State. Please see Figure 2 of this 
document to see when this Signal is expected to 
", 
be active by this PAL. 


"NOTE: 
This PAL does not support pipelined 82370 SLAVE 
cycles. 


"(c) Intel Corporation 1989. This PAL is provided as a proposed 
"method of solving a certain 82370 Timer Unit problem. This PAL 
"has not been tested or validated. Please validate this solution 
"for your system and application. 
""Input Pins· 


CLK2 
RESET 
TMR 


!RDY 
!ADS 
CLK 
W_R 
ncl 
nc3 
GNDa 
'GNDb 
CLKIN_IN 


pin 
pin 
pin 


pin 
pin 
pin 
pin 
pin 
pin 
pin 
pin 
pin 


·Output Pins" 
Q_O 
pin 


CLKIN_OUT 
pin 
INHIBIT 
pin 
SO 
pin 
SI 
pin 


"Declarations" 


1; "System Clock 
2; "Microprocessor RESET signal 
3; "Input from Address Decoder, indicating 
"an access to the timer unit of the 
"82370. 
4; ·End of Cycle indicator 
5; "Address and control strobe 
6; "PHI2 clock 
7; "Write/Read Signal" 
8; "No Connect 0" 
9; "No Connect 1" 
10; "Tied to ground, documentation 
only 
11; "Output enable, documentation 
only 
12; "Input-CLKIN 
directly from oscillator 


18; "Internal Signal only, fed back to 
"PAL logic" 
17; "CLKIN signal fed to 82370 Timer Unit 
16; "CLKIN Inhibit Signal 
15; "Unused State Indicator Pin 
14; "Unused State Indicator Pin 
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Valid_ADS 
Valid_RDY 
Timer_Acc 


ADS 
Bc CLK 
RDY 
Bc CLK 
TMR 
Bc CLK 


"#ADS 
sampled in PHIl of 80376 T-State 
"#RDY 
sampled in PHIl of 80376 T-State 
"Timer Unit Access, as provided by 
"external Address Decoder" 


state 000: 


State_Diagram 
[INHIBIT, SI, SO] 


state 001: 


state 010: 


state 110: 


state Ill: 


state 011: 


state 100: 


state 101: 


if RESET then 000 
else if Valid_ADS 
Bc W_~ then 001 
else 000; 


if RESET then 000 
else if Timer_Acc then 010 
else if 
!Timer_Acc then 000 
else 001; 


if RESET then 000 
else if CLK then 110 
else 010; 


if RESET then 000 
else.if CLK then III 
else 110; 


if RESET then 000 
else if CLK then 011 
else Ill; 


if RESET then 000 
else if Valid_RDY 
then 000 
else 011; 
. 


if RESET then 000 
else 000; 


if RESET then 000 
else 000; 


EQUATIONS 
Q_O := CLKIN_IN; 
"Latched incoming clock. This Signal is used 
"internally to feed into the MUX-ing 
logic" 


CLKIN_OUT 
:= 
(INHIBIT 
Bc CLKIN_OUT 
Bc 
!RESET) 


-+i !INHIBIT 
Bc Q_O 
Bc 
!RESET); 


END 


"Equation for CLKIN_OUT. This 
"feeds directly to the 82370 Timer Unit." 
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82370 Timer Unit ClKIN 
INHIBIT signal PAL Solution 
Equations for Module Timer_82370_Fix 


Device Timer_UniLFix 


-Reduced 
Equations: 


!lNHIBIT:= 
(!ClK & !INHIBIT # ClK & SO # RESET # !S1); 


!S1 := (RESET 
# INHIBIT & !S1 
# ClK & !INHIBIT & !-RDY 
& SO& S1 
# !ClK & !S1 
# !S1 & !TMR 
# ISO& !S1); 


ISO:= (RESET 
# INHIBIT & !S1 
# ClK & !INHIBIT & !- RDY & S1 
#IINHIBIT & ISO& S1 
# !ClK & ISO 
# !INHIBIT & ISO& S1 
# SO& !S1 
# !S1 & !W_R 
# -ADS&!S1); 


!O_O := (!ClKIN_IN); 


!ClKIN_OUT 
:= (RESET # !ClKIN_OUT 
& INHIBIT # !INHIBIT & !O_O); 
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82370 Timer Unit CLKIN 
INHIBIT signal PAL Solution 
Chip diagram for Module Timer_82370_Fix 


Device Timer_UniLFix 


P16R6 


290164-A9 


nel 


ne3 


0_0 


CLKIN_OUT 


INHIBIT 


SO 


Sl 


CLK2 


RESET 


TWR 


RDY 


ADS 


CLK 


W_R 


GNDe 


end of module Timer_82370_Fix 


CLKIN 


,.....- 
eo0 
(M 
-..J 
C5#. 
WR#. 
RO# and 
• 


0'1 
other 
Internal 
signals 
IDC 
• 
Vl<, 
..., 
'-- 


• 
TIt.AER 
UNIT 


4 
• 
Internal 
Data 
Bus 


290164-80 


82370 


CLK2 


A05# 


W/R# 


W/IO# 


ROY# 


00-07 


Figure C-2. Translation 
of 80376 Signals to Internal 
82370 Timer Unit Signals 


9-219 


82370 


n 
~ 
~ 
~ 
~ 
~ 
L£.nsL.nsL.r-u-LrVLnsL. 
-v-Lr-u-L 


eLKILl 
~ 


os, 11 
I 


RN ~ 
----- 


~ 
------ 
10# 
I....- 


-31 ~ 
>- 


-- 
-07 --------- --- 
x, 


YON 


~ 
\ 
~ 
I 
IBIT 
X 
I 
X 


LKIN 
STABLE LEVEL 
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DO 
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c 


A 


W/ 
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c 


t. - 9 ns 
It, = 28 ns 
290164-81 


Figure C-3. 82370 Timer Unit Write Cycle 


[INHIBIT, 
Sl, SO] 


(INHIBIT) 
290164-82 


Figure C-4. State Diagram for Inhibit Signal 
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CLK2 
CLK 


82370 
TIIijER-PAL 
80376 
16R8 


CLK2 
1 
CLK2 
CLK2 
17 
6 
CLK 
CLKIN 
RESET 
2 
RESET 


RDY* 
• 
RDY* 


ADS* 
5 
ADS* 
CLKIN 
W/R* 
7 
W/R* 
12 


3 
TIijR 


ADDR DECODER 


TIijR 


CLKIN OSC 
290164-B3 


NOTE: 
This solution 
does not support 
pipelined 
82370 
SLAVE 
Cycles. 


Figure C·S.System with 82370 Timer Unit "INHIBIT" Circuitry 


INHIBIT 
_______________________ 
J 


Should hO¥. gone 
HtGH h••••• but WOl 
InhIbited. ," 
_ _ _ _ 
_1""':.=="" 
• 
CLKIN (derived) 


CLKIN (original) 
,"-__ 
---Jf 
''- __ 
---1 


FIGURE0-5 
(0): Inhibited 
CLKIN In on 82370 
nmer 
Unit & CLKIN lijlnlmum 
HIGH time. 


INHIBIT 
/ 
___ 
---J 
',-_~ __f 
\ 


CLKIN (derived) 
Should haY. gon. 
LOW here, 
but 
WOl 
InhIbited. 
•'. 
_ _ _ _ 
.\,,;;;==;..., 


CLKIN (original) 
290164-84 


Figure C-6. Inhibited CLKIN In an 82370 Timer Unit and <;LKIN Minimum LOW Time 
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387™ SX 
MATH COPROCESSOR 
• Interfaces with 386TMSX 
• Upward Object-Code Compatible from 


Microprocessor 
8087 and 80287 
• Expands 386 SX CPU Data Types to 
• Directly Extends 386 SX CPU 
Include 32-, 64-, 80-Blt Floating Point, 
Instruction 
Set to Trigonometric, 
32-, 64-Blt Integers and 18-Dlglt BCD 
Logarithmic, 
Exponential, and 
Operands 
Arithmetic 
Instructions 
for All Data 
• High Performance 80-Blt Internal 
Types 


Architecture 
• Full-Range Transcendental 
Operations 
• Two to Three Times 8087/80287 
for SINE, COSINE, TANGENT, 


Performance at Equivalent Clock Speed 
ARCTANGENT, and LOGARITHM. 
• Implements ANSIIIEEE Standard 754- 
• Operates Independently 
of Real, 


1985 for Binary Floating-Point 
Protected, and Vlrtual-8086 Modes of 


Arithmetic 
the 386 SX Microprocessor 
• Fully compatible with the 387TMMath 
• Eight 80-Blt Numeric Registers, Usable 


Coprocessor. 
Implements all 387 NPX 
as Individually 
Addressable General 


architectural 
enhancements over 8087 
Registers or as a Register Stack 


and 80287. 
• Available In a 68-pln PLCC Package 
(see Packaging Specs: Order #231369) 


The Intel 387TM SX Math Co Processor 
is an extension 
to the Intel 386™ 
microprocessor 
architecture. 
The 
combination 
of the 387 SX with the 386TM SX Microprocessor 
dramatically 
increases 
the processing 
speed of 


computer 
application 
software 
which utilizes mathematical 
operations. 
This makes an ideal computer 
worksta- 
tion platform 
for applications 
such as financial 
modeling 
and spreadsheets. 
CAD/CAM, 
or graphics. 


The 387 SX Math Co Processor 
adds over seventy 
mnemonics 
to the 386 SX Microprocessor 
instruction 
set. 


Specific 
387 SX math operations 
include 
logarithmic. 
arithmetic, 
exponentional, 
and triginometric 
functions. 
The 387 SX supports 
integer, extended 
integer, floating 
point and BCD data formats, 
and fully conforms 
to the 
ANSI/IEEE 
floating 
point standard. 


The 387 SX Math CoProcessor 
is object code compatible 
with the 387TM OX and upward object code compati- 
ble from 
the 
80287 
and 
8087 
Math 
Co Processors. 
The 
387 
SX is manufactured 
with 
Intel's 
CHMOS 
III 
technology 
and packaged 
in a 68-pin PLCC package. 
A low power consumption 
option allows use in laptop or 
portable 
applications. 
). 


240225-1 
Figure 0-1. Block Diagram 


For the complete 
data sheet on this product, 
refer to the 1991 Microcommunications 
handbook. 
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82355 
BUS MASTER INTERFACE CONTROLLER 
(BMIC) 


• 
Designed for use In 32-Blt EISA Bus 
Master Expansion Board Designs 
-Integrates 
Three Interfaces 
(EiSA, Local CPU, and Transfer 
Buffer) 


• 
Supports 16- and 32-Blt Burst Transfers 
- 
33 Mbytes/Sec 
Maximum Data 
Transfers 


• 
Supports 32-Bit Non-Burst and 
Mismatched Data Size Transfers 


• 
Supports 32-Bit EISA Addressability 
(4 Glgabyte) 


• 
Two Independent Data Transfer 
Channels with 24-Byte FIFOs 
- 
Expansion Board Timing and EISA 
Timing Operate Asynchronously 


• 
Supports Peek/Poke Operation with the 
Ability to Access Individual Locations 
In EISA Memory or I/O space 


• 
Automatically 
Handles Misaligned 
Doubleword 
Data Transfers with No 
Performance Penalty 


• 
Supports Automatic 
Handling of 
Complete EISA Bus Master Protocol 
- 
EISA Arbltration/Preemption 
- 
Cycle Timing and Execution 
- 
Byte Alignment 
- 
1K Boundary Detection 


• 
Supports Local Data Transfer Protocol 
Similar to Traditional 
DMA 
' 


• 
Supports a General Purpose Command 
and Status Interface 
- 
Local and EISA System Interrupt 
Support 
- 
General Purpose Information 
Transfers 
- 
Set-and- Test-Functions 
In I/O Space 


(Semaphore Function) 
- 
Supports the EISA Expansion Board 
ID Function 


• 
Supports Decode of Slot Specific and 
General I/O Addresses 


• 
132-Pln JEDEC PQFP Package 
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82355 Internal Block Diagram 
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82596DX AND 82596SX 


HIGH-PERFORMANCE 
32-BIT LOCAL 
AREA NETWORK COPROCESSOR 
• Performs Complete CSMA/CD Medium 
• High-Performance 
32-Blt Bus Master 
Access Control (MAC) Functlons- 
Interface 
Independently 
of CPU 
- 
66-MB/s Bus Bandwidth 
- 
IEEE 802.3 (EOC) Frame Delimiting 
- 
33-MHz Clock, Two Clocks Per 
- 
HDLC Frame Delimiting 
Transfer 


• Supports Industry Standard LANs 
- 
Bus Throttle Timers 


-IEEE 
TYPE 10BASE5 (Ethernet*), 
- 
Transfers Data at 100% of Serial 


IEEE TYPE 10BASE2 (Cheapernet), 
Bandwidth 


IEEE TYPE 1BASE5 (StarLAN), 
-128-Byte 
Receive FIFO, 64-Byte 


and the Proposed Standards 
Transmit FIFO 


TYPE 10BASE-T and 10BASE-F 
• Network Management and DiagnostiCs 


- 
Proprietary CSMA/CD Networks Up 
- 
Monitor Mode 
to 20 Mb/s 
- 
32-Bit Statistical Counters 
• On-Chip Memory Management 
• Self-Test Diagnostics 
- 
Automatic 
Buffer Chaining 
• Configurable 
Initialization 
Root for Data 
- 
Buffer Reclamation after Receipt of 
Structures 
Bad Frames; Optional Save Bad 
Frames 
• High-Speed, 5-V, CHMOS" 
IV 
- 
32-Blt Segmented or Linear (Flat) 
Technology 
Memory Addressing 
Formats 
• 132-Pin Plastic Quad Flat Pack (PQFP) 
• 82586 Software Compatible 
and PGA Package 


• Optlmized CPU Interface 


(See Packaging Spa. Order No. 231369) 


- 
Optlmlzed Bus Interface to Intel's 
32-Bit 386TMDXand 16-Bit 386TMSX 
and 376TMMicroprocessors 
386T" 
is a trademark of Intel Corporation 
·Ethernet is a registered trademark of Xerox Corporation. 


- 
Supports Big Endian and Little 
• ·CHMOS is a patented process of Intel Corporation. 


Endlan Byte Ordering 
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Figure 
1. 82596DX/SX 
Block 
Diagram 


For the complete 
data sheet on this product, 
re/er to the 1991 Microprocessor 
Vol /I handboo~ 
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TRANS 186 ~ 
376 ASSEMBLY CODE 
TRANSLATOR 
, 


To Order TRANS 186 -+ 376 
Software, contact your 
local Intel sales office 


270119-1 


TRANS 186 ~ 
376 PRESERVES 
YOUR PROGRAMMING 
INVESTMENT 
When your embedded application 
outgrows the 8OC186 family, TRANS 186 -+ 376 is 
ready to help you upgrade to the 376TM Embedded Processor. TRANS 186 -+ 376 is a 
DOS-based tool to automate 
the translation 
of Intel ASM86 source code to ASM386 
source code. This program 
can actually 
help protect the man-years 
of investment 
in your 
original 86 software. 


TRANS 186 ~ 
376 LOWERS 
THE 32-BIT BARRIER 


TRANS 186 -+ 376 accepts 16-bit source code written 
for any member of the 8086/8088 
and 8OC186/8OC188 families. The output source code, with its 32-bit offsets, is suitable 
for 
Protected 
Mode execution 
on the 376 Embedded Processor or any 386™, 386SX, or 486TM 
microprocessor. 
The time you save by recycling your software can be applied toward 
system enhancements. 


You control TRANS 186 -+ 376 operation 
from either the DOS command line or a 
control file. Major control switches cover: 


• Choice of FLAT model or LARGE16 memory environment 
• Redefinition 
of segments 
• Optional 32-bit data declaration 
TRANS 186 -+ 376 translates 
your routines 
on a line-by-line basis, converting 
as much 
code as possible. Whenever 
the tool does not have enough information 
to make 
conversions, 
it highlights 
the code section with messages, alerting 
you to edit by hand. 
TRANS 186 -+ 376 can write the ASM86 source code as comments 
in the ASM386 source 
file for side-by-side comparison . 


• PC AT and PC-DOS are trademarks 
of IBM . 


• -MS-DOS 
is a trademark 
of Microsoft 
Corporation. 
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TRANS 186 ~ 
376 ASSEMBLY CODE TRANSLATOR 


TRANS 186 --+ 376 COMPLEMENTS OTHER DEVELOPMENT TOOLS 


Upon request, TRANS 186 ~ 
376 generates 
a build file for,the Intel System Builder, BLD386. 
This allows you to get your software running 
with only minimal 
BLD386 experience. 
A 72-page 


manual 
accompanies 
the TRANS 186 ~ 
376 tool. The manual 
coverage includes: 


• Practical 
tips on the overall conversion 
process 
• Initializing 
the CPU and generating 
Protected 
Mode data structures 
• Producing 
code for emulators 
and debuggers 


Your 8OC186 experience 
can release the power of the 376 Embedded Processor with the TRANS 


186 ~ 
376 Assembly Language 
Translator 
as your partner. 
- 


System requirements: 
PC AT· or compatible 
computer 
with PC-DOS· or MS-DOS·· 
operating 


system version 3.0 or later, hard disk, and 512K RAM. 
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INTEL386TM/i486TM FAMILY 
DEVELOPMENT 
SUPPORT 


COMPREHENSIVE DEVELOPMENT SUPPORT FOR THE 
INTEL386™/i486TM FAMILIES OFMICROPROCESSORS 
The perfect complement 
to the InteI386TM and i486TM microprocessor 
family is the 
optimum 
development 
solution. From a single source, Intel, comes a complete, synergistic 


hardware 
and software development 
toolset, delivering 
full access to the power of the 


Intel386 and i486 microprocessor 
family architectures. 


Intel development 
tools are easy to use, yet powerful, with contemporary 
user interface 


techniques 
and productivity 
boosting features 
such as symbolic debugging. And you'll 
find Intel first to market 
with the tools needed to start development, 
and with lasting 
product quality and comprehensive 
support to keep development 
on-track. 


If what interests 
you is getting the best product to market 
in as little time as possible, 
Intel is the choice . 


•AboveBoard, 
i486, Intel386, 
386 OX, 386 SX, 376, 387, ICE, and iPAT are trademark. 
of Intel 
Corporation. 
VAX, Micro VAX and VMS are registered 
trademarks 
of Digital 
Equipment 
Corporation. 
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FEATURES 


• Comprehensive 
support for the full 32 bit 
Intel 386 and i486 microprocessor 
architectures-includes 
protected 
mode, 4 
gigabyte physical memory addressing, 
and 
i486 microprocessor 
on-chip cache and 
numerics 
• Standard 
windowed interface 
that is common 
across Intel debug tools and architectures 
• Source line display and symbolics allow 
debugging in the context of the original 
program 
• Intel high-level languages 
provide 
architectural 
extensions 
for manipulating 
hardware 
directly without assembly 
language 
routines 
• A common object code format (Intel 
OMF386™) 
supports 
symbolic debug and' 


permits the intermixing 
of modules written 
in various languages-Intel's 
assembler, 
C, 
PL/M, and FORTRAN 


• A common OMF386 permits 
compilers and 
assembler 
to seamlessly 
operate with in- 


circuit and software debug tools 
• ROM-able code is output directly from the 
language 
tools, significantly 
reducing the 
effort necessary 
to integrate 
software into 
the final target system 
• Extensive 
support for the Intel family of 
math coprocessors 
• Operation 
in DOS IBM PC AT·, PS/2 Model 
60 and SO, or compatible) 
and VAX/VMS· 
hosted environments 


280808-2 


Figure 
1: Intel Microprocessor 
Development 
Environment 
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FEATURES 


ASM 386™li486TM MACRO 
ASSEMBLER 


Intel's ASM 386™ is a "high-level" 
macro 
assembler 
for the Intel386 Family. ASM 386 
offers many features 
normally 
found only in 
high-level languages. 
The macro facility in 
ASM 386 saves development 
time by allowing 
common program 
sequences to be coded only 
once. The assembly language 
is strongly 
typed, 
performing 
extensive 
checks on the usage of 


variables 
and labels. 


Other Intel ASM 386 features 
include: 


• "High-level" 
assembler 
mnemonics 
to 


simplify the language 
• Structures 
and records for data 
representation 
• Support for Intel's standard 
object code 
format for source-level 
symbolic debug, and 


for linking object modules from other 
Intel386 and i486 microprocessor 
languages 
• Full support 
for processor and math 
coprocessor instruction 
sets 


• A "MOD486" switch for support of the i486 


microprocessor 
instructions 
• 1f; bit or 32 bit address overrides 
• Supports develonment 
for Virtual 
86. Real, 
286 Protected, 
and 386 Protected 
modes 


iC386™ li486™ 
COMPIL1iJR 


Intel's iC-3R6 compiler provides special 
features 
for architectural 
support and code 


flfficiency, for ease of use, and for compatibility 
with other Intel development 
tools. 


The iC-3R6 compiler produces code for Intel386 
and i486'I'Mprocessors from C source fi .es, and 
conforms to the 1989 ANSI standard 
(ANS 
X3.159-1989) for the C programming 
language. 


Key lntel iC-386 features 
include: 


• Controls to tailor the compilation 
for each 
step of your application 
development 
process 
• In-line versions of many ANSI-standard 
library functions 
• Uses expanded 
memory (LIM Version 3.0 
and higher) 
• Object code (including supplied run-time 
. libraries) 
suitable 
for ROM 
• Three different 
levels of optimization 
• A choice of three segmentation 
memory 
models (small, compact, and flat) to create 
compact and efficient code 


• Object code that takes advantage 
of the on- 
chip cache of the i486 processor 
• In-line processor-specific 
functions 
and time- 


saving macros that provide access to the 
special features 
ofthe 
Intel386 and i486 
processors 
• In-line floating-point 
instructions 
for the 
387TMnumerics 
coprocessor and i486 
processor floating-point 
unit 
• Time-saving 
macros and functions 
to help 
assembly language 
routines 
interface 
with 
Intel's high-level programming 
languages 
• The standard 
C run-time 
library plus 
libraries 
for floating-point 
support and the 
iRMX@ III C interface 
library 
• An easy interface 
to Intel's non-C 
programming 
languages, 
along with object 
module compatibility 
between Intel C and 
non-C compilers 
• Support for source-level debugging 
using the 
Intel DB-386 Software Debugger 
• Programming 
with subsystems, 
allowing 
mixed segmentation 
memory models 
• Extensions 
to the 1989 ANSI C standard 
for 
compatibility 
with previous versions of 
Intel C 
' 


The iC-386 libraries 
contain over 200 functions 
for use in iC-386 programs. 
The libraries 
and 
header files make development 
of iC-386 
applications 
easier by providing: 


• Fast and efficient functions 
for common 
programmmg 
tasks 


• Interfaces 
to standard 
and custom execution 
environments 
• Built-in versions of some functions 


PLIM386™li486TM 
COMPILER 


Intel's PL/M-386 is a structured 
high-level 
system implementation 
language 
for the 
InteI386/i486 
Families. 
PL/M-386 supports 
the 


implementation 
of protected 
operating 
system 
software by providing built-in procedures 
and 
variables 
to access the Inte1386/i486 
architectures. 


For efficient code generation, 
PL/M-386 
features 
four levels of optimization, 
a virtual 
symbol table, and four models of program 
size 
and memory usage. 
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FEATURES· 


Other Intel PL/M-386 features 
include: 
• The ability to define a procedure 
as an 
interrupt 
handler 
as well as facilities for 
generating 
interrupts 
• Direct support 
of byte, half-word, and word 
input and output from microprocessor 
ports 
• Upward compatibility 
with Intel PL/M-286 
and PL/M-86 source code 
• A "MOD486" compiler switch for i486 
microprocessor 
instruction 
generation 


PL/M-386 combines the benefits of a high-level 
language 
with the ability to access the Intel386 
architecture. 
For the development 
of systems 
software, PL/M-386 is a costeffective 
alternative 
to assembly language 
programming. 


FORTRAN 386™/i486TM 
COMPILER 
Intel's FORTRAN-386 compiler is a cross- 
compiler that supports 
the entire Intel386 
family of components 
and i486 (when 
operating 
in the 386 chip mode) 
microprocessors. 


FORTRAN-386 features 
high-level support for 
floating-point 
calculations, 
transcendentals, 


interrupt 
procedures, 
and run-time 
exception 
handling. 
Specifically, the FORTRAN-386 
language 
is a superset 
of the language 
described in the ANSI Fortran 
77 standard. 


The additions 
to that standard 
include the 
Department 
of Defense (DOD) extensions, 
extensions 
that support programs 
written 
for 
the ANSI Fortran 
66 standard, 
and extensions 


that support 
the 386 microprocessor 
and 
80387/80387DX/80387SX 
math copr?Cessors. 


To aid in the development 
and debugging 
process, the compiler generates 
warning 
and 
error messages and an optional listing file. The 
listing file can include symbol cross-reference 
tables.and 
a listing of the generated 
386 
microprocessor 
assembly-language 
instructions. 
Library routines 
are reentrant 
and ROMable. 


Other Intel FORTRAN-386 compiler features 
include: 
• Object code can be configured to reside in 
either RAM or ROM 
• The program 
code can be optimized for 
execution 
speed or memory size 
• Source-level debugging is supported 
via the 
rich symbolics provided in the object module 
format 
(Intel OMF386) 


• Support for the proposed REALMATH 
IEEE 
floating point standard 


RLL 386™/i486TM RELOCATION, 
LINKAGE, AND LIBRARY 
TOOLS 


The RLL 386TMrelocation, 
linkage, and 
library tools are a cohesive set of utilities 
featuring 
comprehensive 
support of the full 
Intel386TM / i486TM architectures. 
RLL-386 
provides for a variety of functions--from 
linking separate 
modules, building an object 
library, or linking in 387TMsupport, to 
building a task to execute under protected 
mode or the multi-tasking, 
memory protected 
system software itself. Specifically, 
RLL-386 
supports 
loadable, linkable, 
and bootloadable 
Intel object module formats; and supports 
all 
segmentation 
models, including 
FLAT. Map, 


librarian, 
and conversion 
(for outputting 
hex 
format code for PROM programming) 
utilities 
are included. 


EMUL387, NUM387 NUMERICS 
SUPPORT LIBRARIES 


Intel's EMVL-387 and NUM-387 Numerics 
Libraries 
fully support the 80387/80387DX/ 
80387SX math coprocessors 
and the i486 
internal 
math coprocessor-whether 
an actual 
math coprocessor is used in the final system or 
not. 


For 386 microprocessor 
based applications 
without a math coprocessor, EMUL-387, a 
numerics 
software emulator, 
will execute 
instructions 
as though the coprocessor were 
present. 
Its functionality 
is identical 
to that of 
the math coprocessor. It is ideal for 
prototyping 
and debugging floating-point 
application 
software independent 
of hardware. 


Further, 
this permits 
portability 
of application 
code regardless 
of the presence of math 
coprocessor hardware 
in target systems. 


For applications 
with a math coprocessor, 
NUM-387 numerics 
support 
library provides 
Intel's ASM 386, C-386, PL/M-386, and 
FORTRAN-386 
language 
users with enhanced 
numeric 
data processing capability. 
With the 
library, 
it is easy for programs 
to do floating 
point arithmetic. 
Programmers 
can bind in 
library modules to do trigonometric, 
logarithmic 
and other numeric 
functions, 
and 
the user is guaranteed 
accurate, 
reliable 
results 
for all appropriate 
inputs. 
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FEATURES 


Intel's NUM-387 support 
library is a collection 
of four functionally 
distinct libraries: 
• Common elementary 
function 
library 
routines 
perform algebraic, 
logarithmic, 
exponential, 
trigonometric, 
and hyperbolic 
operations 
on real and complex numbers, 
as 
well as real-to-integer 
conversions; 
the 
routines 
extend the ranges of the coprocessor 
instructions 
• Initialization 
library routines 
set up the 
numerics 
processing environment 
for 80386 
microprocessor 
based systems with an 
80387/80387DX/80387SX 
or true software 
emulator 
• Decimal conversion 
library routines 
convert 
floating-point 
numbers 
from one 
80387/80387DX/80387SX 
binary storage 
format to another, 
or from ASCII decimal 
strings to 80387/80387DX/80387SX 
binary 
floating-point 
format and vice versa 
• Exception 
handling 
library routines 
make 
writing numerics 
exception handlers 
easier 


All support library 
modules are in 80386 
microprocessor 
object module format (Intel 
OMF-386) so they can be linked with the object 
output of any Intellanguage. 
All routines 
are 
reentrant 
and ROMable. 


By using Intel's NUM-387, the user not only 
saves software development 
time, but is 
guaranteed 
that the numeric 
software meets 
industry 
standard 
(ANSI/IEEE 
standard 
for 
binary floating point arithmetic, 
754-1985) and 
is portable--software 
investment 
is 
maintained. 
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FEATURES 


ONCE-386 


If you have a surface mount Intel386 SX 
microprocessor 
design using 100 pin PQFP 


parts, Intel ICE emulators 
now have "On- 


Circuit Emulation" 
(ONCETM) capability. 
With 


your part surface mounted, 
the ICE-386 SX 


em~lator 
cabling clamps over the part, tri- 


stating 
the component, 
and allowing the 


emulator 
to operate. This allows you to debug 


manufactured 
boards without 
resoldering. 


REM-386 
Designed to enhance 
your existing ICE-386 DX 


25 and ICE-386 DX 33 emulators, 
the REM-386 


DX Expansion 
board adds 2 MB of expanded 


memory. 


INTEL386™/i486TM 
FA.MILY IN- 


CIRCUIT TOOLS 
In-Circuit 
Emulators 
Intel386 Family in-circuit 
emulators 
embody 


exclusive technology 
that gives access to 


internal 
processor states that are accessible in 


no other way. Inte1386 microprocessors 
fetch 


and execute instructions 
in parallel, 
with 


~etched ins~ructions 
not necessarily 
executing 


m order of mput. Because of this, an emulator 
without 
this access to internal 
processor states 


is prone to error in determining 
what actually 


occurred inside the microprocessor. 
With 


Intel's exclusive technology, 
Inte1386 Family 


emulators 
are one hundred 
percent accurate. 


In addition, 
internal 
access comes without 


signal buffer interference 
of processor timing. 


Operation 
is non-intrusive 
(zero wait-state). 


Other features 
of Inte1386 Family in-circuit 


emulators 
include: 
• Unparalleled 
support of the Inte1386 
architecture, 
notably the native protected 


mode 
• Emulation 
at clock speeds to 33 MHz, and 


full featured 
trigger and trace capabilities 


• Convertible 
using removable 
probes to 


support any of the Inte1386 
micropr~essors-80386DX, 
80386SX, and 
80376 microprocessors 


With symbolic debugging, memory locations 
can be examined 
or modified using symbolic 


references 
to the original program, 
such as 
procedure 
or a variable 
names, line numbers, 


or program 
labels. Source code associated 
with 
a given line number 
can be displayed, as can 
the type information 
of variables, 
such as byte, 


word, record, or array. Microprocessor 
data 


structures, 
such as registers, 
descriptor 
tables, 


and page tables, can also be examined 
and 
modified using symbolic names. The symbolic 
debugging information 
for use with Intel 


development 
tools is produced by Intel 


OMF3~6 compatible 
languages. 


ICETM-486IN-CIRCUIT 
EMULATOR 


The ICE-486 In-circuit 
Emulator 
is the world's 
leading tool for debugging software and 
hardware 
designs based on the Intel i486 


family of microprocessors. 
The ICE-486 


emulatorfeatures 
real-time 
emulation 
at 


speeds up to 33 MHz. The standard 
high- level 


symbolic debug capability 
saves valuable 


development 
time. The flexible breakpoint 


capability 
and 8K deep trace buffer provide 


power to identify and solve even the toughest 
hardware 
and software bugs. The emulator 


also provides 2 MB expansion 
memory to 
debug large programs. 
It is designed to work 


with the rich array of software development 
tools optimized for creating 
32-bit applications. 


In-Circuit 
Debugger 


Intel's ICD-486 represents 
a new generation 
of 


in-circuit emulation 
technology. From the 
inventor 
of the microprocessor 
comes a 
development 
tool that delivers complete access 


to the i486 architecture. 
ICD-486 is the first 


d~velopment 
tool which allows users to debug 


high speed, cached applications 
at the full 


speed ofthe target 
processor. ICD-486 


embodies exclusive technology, 
giving users 
symbolic access to the internal 
processor states 


that would not be accessible in any other way. 
With Intel;s exclusive technology, 
users can be 


assured that the ICD-486 provides complete 
?,ccurac~ when debugging cached applications 
In real-time. 


Other Intel ICD-486 features 
include: 


• Real-time emulation 
at the full speed of the 


i486 microprocessor 


• Full support for the i486 on-chip caching and 


numerics 


• Ability to set up to 16 software breakpoints 


and four hardware 
breakpoints 
on execution 
addresses, 
data writes, or data accesses 


• Full symbolic information 
to display and 
modify all registers 
of the i486 
microprocessor 
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SOFTWARE DEBUGGER 


Intel's 
DB386TM is an on-host software 
execution 
environment 
with source-level 
symbolic debug capabilities 
for object modules 
produced by Intel's assembler 
and high-level 
language 
compilers. For the DOS hosted 
version, this software debug environment 
allows 386 microprocessor 
code to be executed 
and debugged directly on a 386 DX or 386 SX 
microprocessor 
based PC, without any 
additional 
target hardware 
required. 
With 
Intel's standard 
windowed human 
interface, 
users can focus their efforts on finding bugs 
rather 
than spending time learning 
and 
manipulating 
the debug environment. 


For the VMS· hosted version, the debugger 
works in conjunction 
with an extensive 
386 
microprocessor 
software instruction 
simulator 
included with the product. This simulator 
simulates 
the 386 microprocessor 
in "flat" 
mode, 387, 8259A and 8254 interrupt 
controller 
and timer chips, supports 
map 
memory up to 4 gigabytes, and provides 
complex break, trace, and profiling support. 
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Other Intel DB386™ features 
include: 
• A run-time 
interface 
allows protected-mode 
386 microprocessor 
programs 
to be executed 
directly on a 386 DX or 386 SX 
microprocessor 
based PC 
• Drop-down menus make the tool easy to 
learn for new or casual users. A command 
line interface 
is also provided for more 
complex problems 
• Watch windows (which display user-specified 
variables), 
trace points, and breakpoints 
(including fixed, temporary, 
and conditional) 
can be set and modified as needed, even 
during a debug session 
• The user can browse source and callstacks, 


observe processor registers, 
and access watch 
window variables 
by either the pull down 
menu or by a single keystroke 
using the 
function 
keys 
• An easy-to-use disassembler 
and single-line 
assembler 
speeds the debug process 
• The user need not know whether 
a variable 
is an unsigned integer, a real, or a 
structure-the 
debugger uses the wealth of 
typing information 
available 
in Intel 
la nguages to display program 
variables 
in 
their respective 
type formats 
• DB-386 supports 
the i486 microprocessor 
when operated 
in the 386 microprocessor 
mode 


MON386T4RGETRESIDENT 
SOFTWARE DEBUGGER 
Intel's MON-386 is a hosted or unhosted 
target 
resident 
software debugger for the 386 DX and 
386 SX-bRSed systems. MON-386 provides 
program 
sxecution 
control and symbolic 
processor and memory interrogation 
and 
modification. 
Hardware 
and software 
breakpoints 
can be set at symbolic addresses 
and program 
execution 
can be single-stepped 
through 
assembl .. 'evel or high-level 
J -nguage 
instructions. 


Other Intel MOl'J-386 features 
include: 
• Debug procedures 
(user-definable 
sequences 
of MON-386 commands) enable users to 
define macro commands that would 
otherwise 
take several lines of command 
entries to perform the same function 
• A disassembler/single 
line assembler 
allows 
users to display memory and patch memory 
with 80386/80387 
mnemonics 


MON-386, used in conjunction 
with Intel single 
board computers 
iSBC@ 386/22 and iSBC 386/ 
116, or other customer 
designed systems, can 


debug software before a functional 
prototype 
of 
the target system is available. 


Intel's MON-386 can be used for i486 
microprocessor 
development 
when the 
component 
is run in the 386 microprocessor 
mode of operation. 


iPAT·386TMPERFORMANCE 
ANALYSIS TOOL 


Intel's iP AT-386TM performance 
analysis tool 
provides analysis of real-time 
software 
executing 
on a 38G-based target system. With 
iPAT-386, it is possible to speed-tune 
applications, 
optimize use of operating 
systems, determine 
response characteristics, 
and identify code execution 
coverage. 


By examining 
iPAT-386 histogram 
and tabular 
information 
about procedure 
usage for critical 
functions 
(with the option of including 
interaction 
with other procedures, 
hardware, 
the operating 
system, or interrupt 
service 
routines) performance 
bottlenecks 
can be 
identified. 
With iPAT-386 code execution 
coverage information, 
the completeness 
of 
testing can be confirmed. 


Intel's iPAT-386 provides real-time 
analysis 
up 
to 20 MHz, performance 
profiles of up to 125 
partitions, 
and code execution 
coverage 
analysis over 252K. The iPAT-386 target 
probe 
is used with the same iPAT base module 
supporting 
80286, 80186, and 8086 
development. 
The iPAT-386 system can be 
used independently 
or piggy-backed with 
Inte1386 in-circuit 
emulator 
tools. 


WORLDWIDE SERVICE, 
SUPPORT, AND TRAINING 


To augment 
its development 
tools, Intel offers 
a full array of seminars, 
classes, and 
workshops, field application 
engineering 
expertise, 
hotline technical 
support and on-site 
service. 


Intel also offers a Software Support package 
which includes technical 
software information, 
telephone 
support, automatic 
distribution 
of 
software and documentation 
updates, 
access to 
the "Tool'I'alk" electronic 
bulletin 
board, 
"iComments" 
publication, 
remote diagnostic 
software, and a development 
tools 
troubleshooting 
guide. 
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FEATURES 


PRODUCT SUPPORT MATRIX 


Component 
Host 
Product 
i486™ 
386™ 
386™ 
376TM 
DOS 
VMS 
DX 
SX 
3.x 
5.1+ 


ASM-386 Macro Assembler 
~ 
~ 
~ 
~ 
~ 
~ 


iC-386 Compiler 
~ 
~ 
~ 
~ 
~ 
~ 


PL/M-386 Compiler 
~ 
~ 
~ 
~ 
~ 
~ 


FORTRAN-386 Compiler 
~ 
~ 
~ 
~ 
~ 
~ 


RLL-386 Relocation, 
~ 
~ 
~ 
~ 
~ 
~ 
Linkage, Library, 
Support 
Tools 


NUM-387 Libraries 
~ 
~ 
~ 
~ 
~ 
~ 


EMUL-387 Libraries 
NA 
~ 
~ 
~ 
~ 
~ 


In-circuit 
Emulators 
~ 
~ 
~ 
~ 


In-circuit 
Debugger 
~ 
~ 


DB-386 Software Debugger 
~ 
~ 
~ 
~ 
~ 


MON-386 Target Level 
~ 
~ 
~ 
~ 
le 


Software Debugger 


iPAT-386 Performance 


-r 
~ 
~ 
Analysis Tool 
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ORDERING INFORMATION 


386™li486TM 
FAMILY DOS 
HOSTED DEVELOPMENT KIT 
ORDER CODES 


DKIT386C 
Compiler Software 
Development 
Kit (see 
following content list). Also 
supports 
i486 
microprocessor 


DKIT386CS 
C Compiler Software 
Development 
Kit wlone 
year Gold Software 
Support. Also supports 
i486· 


microprocessor. 


DKIT386CIDX 
C Compiler Software 
Development 
Kit wl ICE386 
DX 33 MHz In-circuit 
Emulator 
and 2 MB 
AboveBoardTM 


DKIT386CIDXS 
Same as above wlone year 
Hardware 
and Gold 
Software Support 


pDKIT386CISX 
C Compiler Software 
Development 
Kit wl ICE386 
SX 20 MHz In-circuit 
Emulator 
and 2 MB Above 
Board 


pDKIT386CISXS 
Same as above wl one year 
Hardware 
and Gold 
Software Support 


pDKIT386CI376 
C Compiler Software 
Development 
Kit w/ ICE376 
16 MHz In-circuit 
Emulator 
and 2 MB Above Board 


pDKIT386CI376S 
Same as above wl one year 
Hardware 
and Gold 
Software Support 


The Intel Basic Software Development 
Kit for 
the DOS hosted environment 
includes: 


iC386 compiler 
ASM386 assembler 
RLL386 relocation 
linker and locator 
(builder /binder) 
NUM387 numerics 
library 
EMUL387 math coprocessor emulator 
library 
DB386 software debugger 
OMF386LOAD loader development 
object 
module format documentation 


386™ li486™ 
FAMILY VAX AND 
MICROVAXIVMS* HOSTED 
DEVELOPMENT KIT ORDER 
CODES 


MVVSC3.86KIT 
Micro VAX/VMS 
C386 
compiler, RLL386 relocation 
linker and locator, ASM386 
assembler, 
DB386 software 
debugger 


MVVSP386KIT 
Micro VAX/VMS 
PLlM386 
compiler, RLL386, ASM386, 
DB386 


MVVSF386KIT 
Micro VAX/VMS 
FORTRAN386 
compiler, 
RLL386, ASM386, DB386 


VVSC386KIT 
VAX/VMS 
C386, RLL386, 
ASM386, DB386 


VVSP386KIT 
VAX/VMS 
PL/M386, 
RLL386, ASM386, DB386 


VVSF386KIT 
VAX/VMS 
FORTRAN386, 
RLL386, ASM386, DB386 


ADDITIONAL 386™ li486™ 
FAMILY DEVELOPMENT TOOL 
ORDER CODES 
. 


ICD48625D 
25 MHz In-circuit 
Debugger 
for the i486 microprocessor 


ICD486CON33D 
ICD48625D with a prepaid 
upgrade to 33 MHz 


iPATCORE 
iPAT Performance 
Analysis 
Tool base unit 
iPAT386DOS 
iPAT 80386 probe kit 
including 
PC-DOS 3.x 
software, requires 
iPATCORE 
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I INTEL386TM FAMILY 
IN-CIRCUIT 
EMULATORS 
1 
_ 


280850-1 


ACCURATE 
AND SOPHISTICATED 
EMULATION 
FOR THE 
INTEL386TM FAMILY 
OF MICROPROCESSORS 


Intel386TM In-circuit 
Emulators 
are the cornerstone 
of the optimum 
development 
solution for the Inte1386 Family of microprocessors. 
From the inventor 
of the 
microprocessor 
comes a development 
tool that delivers absolute access to the 
sophistication 
of the architecture 
in a way that only Intel can. 


Productivity 
boosting features 
such as symbolic debugging make Inte1386 emulators 
easy 
to use and powerful. Intel product quality and world class technical 
support 
and service 
minimizes 
the "downtime" 
incurred 
in resolving problems. And your investment 
in 
development 
tools is protected 
via interchangeable 
probes for the 80386 DX, 80386 SX, 
and 80376 microprocessors. 


Maximize your productivity 
with Intel development 
tools. Reduced time to market 
and 
increased 
market 
acceptance 
for your microprocessor-based 
product are the benefits 
when Intel is the choice. 


·HPBOOO ie a trademark 
of HewJett 
Packard. 
. 


ICE, iPAT, Above Board,lnte\386, 
386 OX. 386 SX. and 376 are trademarks of Inte\ Corporation. 
IBM, PC AT, PS/2 are registered trademarks oflnternationeJ 
BUBin••••Machines Corporation. 


GPIB-PCII, GPIB-PCIIA, and MCGPIB are trademarks of National Instruments Corporation. 
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FEATURES 


INTEL ICETM-386 FAMILY 
IN-CIRCUIT 
EMULATOR 
FEATURES 


• Unparalleled 
support of allof the Inte1386' 


operating 
modes opens the door to the full 
potential 
of the Intel386 architecture 
• Non-intrusive 
(zero wait-state) 
emulation 
to 
processor speeds of 33 MHz 
• Versatile 
event recognition 
makes short 


work of uncovering 
complex bugs 
• Dynamic trace display of bus and execution 
information 
during emulation 


• A comprehensive 
software development 
system creates the most complete 
' 


development 
environment 
available 
from a 
single vendor 
• A companion 
performance 
analysis tool 
provides analysis of software for optimized 
performance 
and reliability 
• Available on Hewlett-Packard 
HP9000 
UNIX', 
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FEATURES 


100% ACCURATE EMULATION 
Intel386 Family In-circuit Emulators embody 
technology that accesses internal processor 
states that are otherwise invisible. Intel386 
microprocessors fetch and execute instructions 
in parallel; fetched instructions 
are not 
necessarily executed in any order. Because of 
this, an emulator without this capability is 
prone to error in determining what actually 
occurs inside the microprocessor. With Intel's 
technology, an Intel386 In-circuit Emulator 
displays execution history with one hundred 
percent accuracy and in real-time. 


OPENING THE DOOR TO 
PROTECTED MODE 
The Intel386 family of In-circuit Emulators 
opens the door to the full potential of the 
architecture 
with unparalleled 
support of 
protected mode. Not only does the emulator 
display and modify task state segments and 
global, local, and interrupt 
descriptor tables 
(with symbolic access to all descriptor 
components like privilege level and segment 
type), but emulator functions are sensitive to 
the operating mode of the processor, greatly 
improving ease of use. 


The Intel386 family of In-circuit Emulators 
supports all aspects of protected mode 
addressing, including paged virtual memory. 
Processor tables are used to automatically 
translate 
virtual addresses to linear and 
physical addresses. Physical addresses can be 
translated 
to symbolic references to indicate 
the module, procedure, or data segment 
accessed. And when debugging a memory 
management 
system, components of the page 
table and directory can be displayed and 
modified. 


I 


FLEXIBLE AND VERSATILE 
EVENT RECOGNITION 


Flexibility and versatility in event recognition 
makes short work of uncovering the most 
complex bugs. Bus event recognition circuitry 
may be used to trigger on specific or masked 
data input, output, read, written, or fetched at 
a physical address or range of addresses. Or on- 
chip debug registers may be used to trigger on 
virtual, linear, or symbolic addresses being 
executed, accessed, or written. 


Versatility shows in other triggering options- 
upon a task switch, an external signal from 
another emulator or a logic analyzer, multiple 
occurrences of an event, a full trace buffer, 
halt or shutdown cycles, orinterrupt 
acknowledge. And up to four sequential event 
triggers can be'combined with a high-level 
construct. 
The Intel386 family ofIn-circuit 
Emulators 
continuously captures all bus activity and, as 
an option, execution information, into a trace 
buffer of 4 K frames with PRE, POST, and 
CENTERED collection modes. The contents of . 
the trace buffer can be displayed during full 
speed emulation in either execution cycle or 
machine-level instruction formats. Symbolic 
information can optionally be included in the 
trace display. A third trace display, the current 
chain of procedure calls, can be displayed when 
emulating high-level language programs. 


SPEEDING DEVELOPMENT 
WITH SYMBOLICS 


Intel386 processor data structures, 
such as 
registers, descriptor tables, and page tables, 
can be examined and modified using symbolic 
names. And with the symbolic debugging 
information that is a feature of Intel 
languages, memory locations can be accessed 
using symbolic references to the source 
program (such as a procedure and variable 
names, line numbers, or program labels) 
rather than via cumbersome virtual, linear, or 
physical addresses. The type information of 
variables (such as byte, word, record, or array) 
can also be displayed. 


ACCESSING THE POWER 
The power ofthe Intel386 In-circuit Emulator 
is reflected in the sophisticated user interface. 
Refined for ease-of-use, the command line 
interface contains many features to boost 
productivity and customize functionality. 


On-line help, a syntax menu, command line 
editing, command history, and error message 
query promote ease of learning and use. 110 
redirection and the ability to escape to the host 
operating system provide versatility for the 
power user. Customized procedures with 
variables and literal definitions can be created 
to assist in debugging or for manufacturing 
test or field service applications. 
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FEATURES 
, 


ADDITIONAL FEATURES 


The Intel386 In-circuit 
Emulator 
can be 
combined with a variety' of devices, 110 lines 
synchronize 
emulation 
starts and triggers with 
external 
tools such as a logic analyzer 
or 
another 
emulator. 
An optional Time Tag 
Board synchronizes 
multiple 
Intel386 
emulators 
and records timestamp 
information 
in the trace buffer with 20 nanosecond 
resolution. 
An Optional Clips Pod allows 8 user 
defined data lines to be captured 
and displayed 
in the trace. The bus isolation board buffers 
the emulation 
processor from faults in an 
" ' 


untested 
target. And with the Stand-Alone 
Self-Test board the emulator 
can be used to 
debug software before the target system is 
functional, 
as well as execute confidence tests. 


'THE INVESTMENT PICTURE 


,As designs move from one Intel386 Family 
processor to another, 
the reinvestment 
cost is 
limited to probes that adapt the emulator 
base 
to the specific processor. Beside cost savings, 
migration 
from one processor to another 
is 
accomplished 
with minimum 
disruption 
in the 
engineering 
environment, 
as the same 
command language 
applies to the entire 
emulator 
family. 
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FEATURES 


SOFTWARE COMPLETES THE 
SYSTEM 


Intel wraps a comprehensive 
software 
development 
system around the emulator 
to 
deliver the most complete development 
environment 
available 
from a single vendor. 


Like the emulator, 
Intel's software 
development 
system supports 
every aspect of 
the Intel386 architecture. 


Overlooked at times is the fact that a 
significant 
part of developing a system is 
making sure the code works. Intellanguages 
and software debugger integrate 
seamlessly 
with the Intel386 emulator 
and provide the 
symbolics so important 
for efficient debugging. 


By using Intel software tools with the Intel386 
emulator 
the full power ofIntel 
development 
solution can be utilized. 


The software development 
system offers a 
broad choice of languages 
with object code 
compatibility 
so performance 
can be 
maximized 
by using different 
languages 
for 
specialized, performance 
critical modules. 
Architectural 
extensions 
in the high-level 
languages 
allows hardware 
features 
such as 
interrupts, 
input/output, 
or flags to be 
controlled 
directly, avoiding the tediousness 
of 
coding assembly language 
routines. 


Intel's software portfolio includes a unique, 
sophisticated, 
and very powerful system 
builder, simplifying 
the generation 
of 
protected 
mode systems. To further 
reduce the 
effort necessary 
to integrate 
software into the 
final target configuration, 
Intel tools produce 
ROM-able code directly from the development 
system. 


OPTIMIZING PERFORMANCE 
AND RELIABILITY 


A companion 
performance 
analysis tool, 
iPATTM-386, provides analysis 
of real-time 
software executing 
on 8038S-based target 
systems. With iPAT-386, it is possible to speed- 
tune applications, 
optimize use of operating 
systems, determine 
response characteristics, 
and identify code execution 
coverage. And 
iPAT-386 can be used in conjunction 
with an 
Intel386 in-circuit 
emulator 
to control test 
conditions. 


WORLD CLASS, WORLDWIDE 
SERVICES 


Augmenting 
the Intel386 Family development 
tools is a full array of seminars, 
classes and 
workshops; on-site consulting 
services; field 
application 
engineering 
expertise; 
telephone 
hotline support; and software and hardware 
maintenance 
contracts. 


ICETM-386DX 33 MHz SPECIFICATIONS AND 
REQUIREMENTS 


HOST SYSTEM REQUIREMENTS 


The user supplied host system can be either an IBM<!lPC AT@or PersonalSystem/Be 
Model 60. 
Host system requirements 
to run the emulator 
include the following: 


• DOS version 4.0 or Hewlett Packard 
HP9000 
• A serial port or the National 
Instruments 
UNIX 
GPIB-PCIITM, GPIB-PClIATM, or MC- 


• 640 Kbytes of RAM in conventional 
memory 
GPIBTM board 
• An Above" 
board with 1 megabyte 
of RAM 
• A math coprocessor if either the optional 
configured 
in expanded 
memory mode, 
time tag board is used or if a math 
EMM.SYS software version 3.2 
coprocessor resides on the target 
system 
• A 20 MB hard disk 


ELECTRICAL 
CHARACTERISTICS 


lOO-120V or 220-240V 
selectable 
50-60Hz 
2 amps (AC max) 
@ 120V 
1 amp (AC max) 
@ 240V 


ENVIRONMENTAL 
CHARACTERISTICS 


Operating 
temperature: 
+ 10"C to +40°C 
(50°F to 104°F) 
Operating 
Humidity: 
Maximum 
of 85% 
relative 
humidity, 
non-condensing 
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ICETM-386 DX 33 MHz SPECIFICATIONS 
AND 
REQUIREMENTS 


, 


The Emulator's Physical Characteristics 


Unit 
Width 
Height 
Length 


inches 
cm 
inches 
cm 
inches, 
cm 


Base Unit 
13.4 
34.0 
4.6 
11.7 
11.0 
27.9 
Processor Module 
3.8 
9.7 
0.7 
1.8 
4.4 
11.2 
Optional 
Isolation Board 
3.8 
9.7 
0.5 
1.3 
4.4 
11.2 
Power Supply 
7.7 
19.6 
4.1 
10.4 
11.0 
27.9 
User Cable 
1.9 
4.8 
17.3f 
43.9 
Target-Adapter 
Cable 
2.3 
5.3 
0.5 
1.3 
5.8 
14.7 
Serial Cable 
144 
366 
Optional Clips Pod 
3.3 
8.4 
0.8 
2.0 
6.0 
15.2 


The Processor Module and Bus Isolation Board Dimensions 


PIN 1 
1-----;----17.5..------1===..:::5·:.:· 
==t-:-3.6" 


t--I ------------27.1 
..-----------~1 
Pe: 
SS 
-6 
£iiiI 
•• 
1.25••t::::::=§~:::3--eE§31 


____ 
f------12.75 ..--------,-1-_~__..., 


PIN 1 


ba------------ 
23 


·• 
••-------------1 
t- g _, 
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ICETM-386DX 33 MHz SPECIFICATIONS AND 
REQUIREMENTS 


The Processor Module and Bus Isolation 
Board Dimensions 


0.25" 


- 
.. -- 
.. ~ 
_.__ .- 


PIN 1 


--=======Irr----:l=~I.J 
.85" 
1:::= 
~ 


ELECTRICAL 
SPECIFICATIONS 
output lines are driven by TIL open collector 
outputs 
that have 4.7K-ohm pull-up resistors. 
The synchronization 
nput aud output signals 
on the optional clips pod are standard 
TrL 
input and outputs. 


The synchronization 
input lines must be valid 
for at least four CLK2 cycles as they are only 
sampled on every other cycle. These input lines 
are standard 
TrL inputs. The synchronization 


AC Specifications 
With the Bus Isolation 
Board Installed 


Symbol 
Parameter 
Minimum 
Maximum 
Notes 


tl 
CLK2period 
40nS 
tlMax 
t2a 
CLK2 high time 
t2aMin+2 
nS 
@2V 
t.% 
CLK2 low time 
t3b Min+2 nS 
@0.8v 
t6 
A2-A31 valid delay 
t6 Min + 3.5 nS 
t6 Max + 24.6 nS 
CL= 120 pF 
t7 
A2-A31 float delay 
tl4 Min + 5.5 nS 
tl4 Max + 32.6 nS 
tB 
BEO#-BE3#, 
LOCK# valid delay 
tB Min + 3.5 nS 
tB Max+ 24.6 
CL=75pF 
t9 
BEO# -BE3#, 
LOCK# float delay 
tl4 Min + 5.5 nS 
tl4 Max + 32.6 
tl0 
W/R#, 
M/IO#, 
D/C#, ADS# valid delay 
tJO Min+3.5 nS 
tlO Min + 24.6 
CL=75pF 
t11 
W/R#,M/IO#,D/C#,ADS# 
float delay 
tl4 Min + 5.5 nS 
tl4 Max + 32.6 
tl2 
DO-D31write data valid delay 
t.l2 Min + 4.5 nS 
tl2 Max + 20.6 
CL=I20pF 
tl3 
DO-D31write data float delay 
7.5nS 
41.6 nS 
t14 
HLDA valid delay 
tl4 Min=3 nS 
tl4 Max + 21.2 nS 
tl6 
NA# hold time 
tl6 Min + 10.6 nS 
tl8 
BSI6# hold time 
tl8 Min + 10.6 nS 
t20 
READY # hold time 
t20 Min + 10.6 nS 
t21 
DO-D31read setup time 
t21 Min + 8.5 nS 
t22 
DO-D31read hold time 
t22Min+7.6nS 
t24 
HOLD hold time 
t24 Min + 10.6 nS 
t25 
RESET setup time 
t25 Min + 2.1 nS 
t26 
RESET hold time 
t26 Min + 2.1 nS 
t28 
NMI, INTR hold time 
t28 Min + 10.6 nS 
t30 
PEREQ, ERROR # , BUSY # hold time 
t30 Min + 10.6 nS 
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SPECIFICATIONS 


Emulator Capacitance Specifications 


TAC 
Symbol 
Description 
Typical 
Installed 


CIN 
Input Capacitance 
CLK2 
35pF 
45pF 
READY#, 
NMI, BS16# 
25pF 
35pF 
HOLD, BUSY #, PEREQ, 
NA#,INTR,ERROR# 
lOpF 
20pF 
RESET 
20pF 
30pF 
COUT 
Output 
or lIO Capacitance 
DO-D31 
40pF 
50pF 
A2-A31, 
BEO#-BE3# 
30pF 
40pF 
D/C# 
35pF 
45pF 
W/R# 
40pF 
50pF 
ADS#, M/IO#, 
LOCK # , 
25pF 
35pF 
HLDA 
.. 
Note 1: Not tested. These specifications 
Include the 80386 component 
and all additional 
emulator 
loading. 
. 


Note 2: The target-adapter 
cable adds a propagation 
delay of 0.5 nS. 


Emulator DCSpecifications 
Without the Bus Isolation Board Installed 


Item 
Description 
Max. 
Notes 


PM-Ice 
Processor Module Supply Current 
386-Icc+ 
1.5 A 
Irn 
Input High Leakage Current 
A2-A31, 
BEO#-BE3#, 
DO-D31 
20J-l-A 
1 
HLDA, NMI, BS16# 
lOJ-l-A 
1 
ADS#, M/IO#, 
LOCK # , READY# 
lOJ-l-A 
1 
W/R#,D/C# 
30J-l-A 
1 
CLK2 
15J-1-A 
1 
RESET 
5J-1-A 
2 
IIL 
Input Low Leakage Current 
A2-A31, 
BEO#-BE3#, 
DO-D31 
6OOJ-I-A 
1 
HLDA, NMI, BS16# 
lOJ-I-A 
1 
ADS#, M/IO#, 
LOCK#, READY# 
lOJ-l-A 
1 
W/R# 
llOJ-l-A 
1 
D/C# 
61OJ-I-A 
1 
CLK2 
15J-1-A 
1 
RESET 
5J-1-A 
2 


Note 1: ThIS specification 
ISthe DC Input loading of the emulator 
circuitry 
only and does 
not include any 80386 leakage current. 


Note 2: This specification 
replaces the 80386 specification 
for this signal. 
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SPECIFICATIONS 


Emulator DCSpecifications 
With the Bus Isolation Board Installed 


Item 
Description 
Min. 
Max. 


BIB-Ice 
Bus Isolation Board Supply 
CUI rent 
PM-Icc+ 
475mA 
VOL 
Output Low Voltage (IOL= 48 mAl 
A2-A3I, 
BEO#-BE3#, 
D/C#, ADS# 
0.5v 
DO-D3I, M/IO#, 
LOCK#, W/R# 
0.5v 
HLDA (I0L = 24 mAl 
0.44 v 


VOH 
Output High Voltage (IOH= 3 mAl 


A2-A3I, 
BEO#-BE3#, 
D/C#, ADS# 
2.4 v 


DO-D3I, M/IO#, WCK#, 
W/R# 
2.4 v 
HLDA (lOH= 24 mAl 
3.8v 
IIH 
Input High Current 
1- 


CLK2,RESET 
1.0/LA 
READY # 
25/LA 
IlL 
Input Low Current 
CLK2,RESET 
1.0/LA 
READY # 
250/LA 


110 
Output Leakage Current 
A2-A3I, 
BEO#-BE3#, 
D/C#, ADS # 
±20 /LA 
DO-D3I, M/IO#, 
LOCK#, W/R# 
±20 /LA 


PROCESSOR 
MODULE 
INTERFACE 
CONSIDERATIONS 


With the processor module directly attached 
to 


the target 
system without 
using the bus 
isolation board, the target system must meet 
the following requirements: 
• The user bus controller 
must only drive the 


data bus during a valid read cycle of the 
emulator 
processor or while the emulator 
processor is in a hold state (the emulator 
processor uses the data bus torcommunicate 
with the emulator 
hardware). 


• Before driving the address bus, the user 
system must gain control by asserting 
HOLD 
and receiving HLDA. 


• The user reset signal is disabled during the 
interrogation 
mode. It is enabled in 
emulation, 
but is delayed by 2 or 4 CLK2 
cycles. 
• The user system must be able to drive one 
additional 
TIL load on all signals that go to 
the emulation 
processor. 


When the target system does not satisfy the 
first two restrictions, 
the bus isolation board is 
used to isolate the emulation 
processor from 
the target 
system. With the isoJationboard 
installed, 
the processor CLK2 is restricted 
to 
running 
at 25 MHz. 


The processor module derives its DC power 
from the target 
system through 
the 80386 


socket. It requires 
I500mA, including 
the 


80386 current. 
The isolation board requires 
an 


additional 
475mA. 


The processor must be socketed. The printed 
circuit board design should locate the processor 
socket at the physical ends of the printed 
circuit board traces that connect the processor 
to the other logic of the target system. This 
reduces transmission 
line noise. Additionally, 


if the target system is enclosed in a box, pin 
one of the processor socket should be oriented 
to make connecting 
the processor module or 


target-adapter 
cable {TAC) easier.' 


The emulator 
uses the 386 microprocessor's 


pins C7, E13, and F13. The 80386 High 
Performance 
32-Bit Microprocessor 
With 


Integrated 
Memory Management 
data sheet 


specifies these pins as UN/C" 
(no connect). If 


the target 
system uses any of these pins, you 


must do one of the following: 
• Use the bus isolation board. 
• Use the target-adapter 
cable (TAC). 


• Build an adapter 
to disconnect 
pins C7, E13, 
and FI3 (i.e., a socket with these pins 
removed). 
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ICETM·386 DX 25 MHz SPECIFICATIONS 
AND 
REQUIREMENTS 


HOST SYSTEM REQUIREMENTS 


The user supplied host system can be either an IBM PC AT or Personal 
System/2 
Model 60. Host 


system requirements 
to run the emulator 
include the following: 


• DOS version 4.0, or Hewlett-Packard 
HP 
• A serial port or the National 
Instruments 
9000 UNIX 
GPIB-PCII, GPIB-PCIIA, or MC-GPIB board 


• 640 Kbytes of RAM in conventional 
memory 
• A math coprocessor if either the optional 
• An Above board with 1 megabyte 
of RAM 
time tag board is used or if a math 
configured 
in expanded 
memory mode, 
coprocessor resides on the target 
system 
EMM.SYS software version 3.2 
• A 20 MB hard disk 


ELECTRICAL 
CHARACTERISTICS 


100-120V 
or 220-240V 
selectable 
50-60Hz 
2 amps (AC max) 
@ 120V 
1 amp (AC max) 
@ 240V 


ENVIRONMENTAL 
CHARACTERISTICS 


Operating 
temperature: 
+ 10" to + 40" C 
(50" to 1040 F) 


Maximum 
of 85% 


relative 
humidity, 


non-condensing 
The Processor Module and Bus Isolation Board Dimensions 


Operating 
Humidity: 


1------- 
'7.5..------t==:.:.~.5:·· ==t-:- 


PIN 1 


280850-4 


01---' 
- 
L-------I 
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ICETM-386DX 25 MHz SPECIFICATIONS 
AND 
REQUIREMENTS 


The Processor Module and Bus Isolation Board Dimensions 


r----4.S"---j 


t.ls" j 
r-- 0.2S" 
l;.=~ 


I 
-I: 


: 
~ 
PIN1 
I 
I 


---- 
4.0" 


-' 


--======9Lr------:l=-::rI] 
.8S" 
""""1 
280850-5 


The Emulator's Physical Characteristics 


Width 
Height 
Length 
Unit 


• 
inches 
cm 
inches 
cm 
inches 
cm 


Base Unit 
13.4 
34.0 
4.6 
11.7 
11.0 
27.9 
Processor Module 
3.8 
9.7 
0.7 
1.8 
4.4 
11.2 
Optional Isolation Board 
3.8 
9.7 
0.5 
1.3 
4.4 
11.2 
Power Supply 
7.7 
19.6 
4.1 
10.4 
11.0 
27.9 
User Cable 
1.9 
4.8 
17.3 
43.9 


Target-Adapter 
Cable 
2.3 
5.3 
0.5 
1.3 
5.8 
14.7 
Serial Cable 
144 
366 
Optional Clips Pod 
3.3 
8.4 
0.8 
2.0 
6.0 
15.2 


ELECTRICAL SPECIFICATIONS 
output lines are driven by TTL open collector 
outputs that have 4.7K-ohm pull-up resistors. 
The synchronization 
input and output signals 
on the optional clips pod are standard TTL 
input and outputs. 


The synchronization 
input lines must be valid 


for at least four CLK2 cycles as they are only 
sampled on every other cycle. These input lines 
are standard TTL inputs. The synchronization 
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ICETM-386DX 25 MHz SPECIFICATIONS AND 
REQUIREMENTS 


AC Specifications With the Bus Isolation Board Installed 


Symbol 
Parameter 
Minimum 
Maximum 
Notes 


tl 
CLK2period 
50nS 
tlMax 
t2a 
CLK2 high time 
t2aMin+2 
nS 
@2V 
t3b 
CLK2low time 
t3bMin+2nS 
@0.8v 
t6 
A2-A31 valid delay 
t6 Min + 3.5 nS 
t6 Max + 24.6 nS 
CL=120pF 


t7 
A2-A31float delay 
t14 Min + 5.5 nS 
tl4Max+37.6nS 
tS 
BEO# - BE3# , LOCK# valid delay 
tS Min + 3.5 nS 
tSMax+24.6 
CL=75pF 
t9 
BEO# - BE3# , LOCK# float delay 
tl4 Min + 5.5 nS 
tl4 Max + 32.6 
tlO 
W/R#, 
M/IO#, 
D/C#, 
ADS# valid delay 
tlO Min + 3.5 nS 
tlO Min + 24.6 
CL=75pF 
tU 
WIR#, 
M/IO#, 
D/C#, 
ADS# float delay 
tl4 Min + 5.5 nS 
tl4 Max + 32.6 
tl2 
OO-D31write data valid delay 
tl2 Min + 4.5 nS 
tl2 Max + 20.6 
CL= 120 pF 
tl3 
OO-D31write data float delay 
7.5nS 
41.6 nS 
tl4 
HLDA valid delay 
tl4 Min=3 nS 
tl4 Max + 21.2 nS 
tl6 
NA # hold time 
tl6 Min + 10.6 nS 
tl8 
BS16# hold time 
tl8 Min + 10.6 nS 
t20 
READY # hold time 
t20 Min + 10.6 nS 
t21 
OO-D31read setup time 
t21 Min + 8.5 nS 
t22 
OO-D31read hold time 
t22 Min + 7.6 nS 
t24 
HOLD hold time 
t24 Min + 10.6 nS 
t25 
RESET setup time 
t25 Min + 2.1 nS 
I 


t26 
RESET hold time 
t26 Min + 2.1 nS 
t28 
NMI, INTR hold time 
t28 Min + 10.6 nS 
t30 
PEREQ, ERROR # , BUSY # hold time 
t30 Min + 10.6 nS 


SPECIFICATIONS 


Emulator Capacitance Specifications 


TAC 
Symbol 
Description 
Typical 
Installed 


CIN 
Input Capacitance 
CLK2 
35pF 
45pF 
READY #, NMI, BS16 # 
25pF 
35pF 
HOLD, BUSY #, PEREQ, NA #, INTR, ERROR# 
10pF 
20pF 
RESET 
20pF 
30pF 
CoUT 
Output or I/O Capacitance 
DO-D31 
40pF 
50pF 
A2-A31, 
BEO#-BE3# 
30pF 
40pF 
D/C# 
35pF 
45pF 
W/R# 
4upF 
50pF 
ADS#, M/IO#, 
LOCK # , 
25pF 
35pF 
HLDA 


. . 
Note 1: Not tested. These specifications 
include the 80386 component 
and all additional 
emulator 
loading . 


Note 2: The target-adapter 
cable adds a propagation 
delay of 0.5 nS. 
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SPECIFICATIONS 


Emulator DC Specifications 
Without the Bus Isolation Board Installed 


Item 
Description 
Max. 
Notes 


PM-Ice 
Processor Module Supply Current 
386SX-Iee+ 
1.5 A 


IIH 
Input High Leakage Current 
A2-A31, 
BEO#-BE3#, 
DO-D31, 
20,...A 
1 
HLDA, NMI, BS16# 
lO,...A 
I 
1 
ADS #, M/IO #, LOCK #, READY # 
lO,...A 
1 
W/R#,D/C# 
30,...A 
1 
CLK2 
15,...A 
1 
RESET 
5,...A 
2 
IlL 
Input Low Leakage Current 
A2-A31, 
BEO#-BE3#, 
DO-D31 
600,...A 
1 
HLDA, NMI, BS16# 
lO,...A 
1 
ADS#, M/IO#, 
LOCK # , READY# 
lO,...A 
1 
W/R#110 
,...A 
1 
D/C# 
61O,...A 
1 
CLK2· 
15,...A 
1 
RESET 
5,...A 
2 
I' 


Note 1: ThIS specification 
ISthe DC input loading of the emulator 
circuitry 
only and does not 
include any 80386 leakage current. 


Note 2: This specification 
replaces the 80386 specification 
for this signal. 


Emulator DC Specifications 
With the Bus Isolation Board Installed. 


Item 
Description 
Min. 
Max. 


BIB-Ice 
Bus Isolation Board Supply Current 
PM-Ice + 


- 
475mA 
VOL 
Output Low Voltage (IOL= 48 mA) 
A2-A31, 
BEO# -BE3#, 
D/C#, 
ADS# 
0.5v 
DO-D31, M/IO#, 
LOCK#, 
W/R# 


" 


0.5v 
HLDA (IOL= 24 mA) 
0.44 v 


VOH 
Output High Voltage (IOH= 3 mA) 
A2-A31, 
BEO#-BE3#, 
D/C#, 
ADS# 
2.4 v 
DO-D31, M/IO#, 
LOCK#, W/R# 
2.4v 
HLDA (IOH= 24 mA) 
3.8v 
IIH 
Input High Current 
CLK2,RESET 
1.0,...A 
READY # 
25,...A 
IlL 
Input Low Current 
CLK2,RESET 
1.0,...A 
READY # 
250,...A 


110 
Output Leakage Current 
A2-A31, 
BEO# -BE3#, 
D/C#, 
ADS# 
±20,...A 
DO-D31, M/IO#, 
LOCK#, W/R# 
±20,...A 


10-23 


• 


ICETM-386SX 20 MHz SPECIFICATIONS AND 
REQUIREMENTS 


PROCESSOR MODULE 
INTERFACE CONSIDERATIONS 
With the processor module directly attached to 
the target system without using the bus 
isolation board, the target system must meet 
the following requirements: 
• The user bus controller must only drive the 
data bus during a valid read cycle of the 
emulator processor or while the emulator 
processor is in a hold state (the emulator 
processor uses the data bus to communicate 
with the emulator hardware). 
• Before driving the address bus, the user 
system must gain control by asserting HOLD 
and receiving HLDA. 


• The user reset signal is disabled during the 
interrogation 
mode. It is enabled in 
emulation, but is delayed by 2 or 4 CLK2 
cycles. 


• The user system must be able to drive one 
additional TTL load on all signals that go to 
the emulation processor. 
When the target system does not satisfy the 
first two restrictions, 
the bus isolation board is 
used to isolate the emulation processor from 
the target system. With the isolation board 
installed, the processor CLK2 is restricted to 
running at 25 MHz. 


The processor module derives its DC power 
from the target system through the 80386 
socket. It requires I500mA, including the 
80386 current. The isolation board requires an 
additional 475mA. 
The processor must be socketed. The printed 
circuit board design should locate the processor 
socket at the physical ends of the printed 
circuit board traces that connect the processor 
to the other logic of the target system. This 
reduces transmission 
line noise. Additionally, 
if the target system is enclosed in a box, pin 
one of the processor socket should be oriented 
to make connecting the processor module or 
target-adapter 
cable (TAC)easier. 


The emulator uses the 386 microprocessor's 
pins C7, E13, and F13. The 80386 High 
Performance 
32-Bit Microprocessor 
With 
Integrated 
Memory Management 
data sheet 


specifies these pins as UNIC" (no connect). If 
the target system uses any of these pins, you 
must do one of the following: 
• Use the bus isolation board. 
• Use the target-adapter 
cable (TAC). 


• Build an adapter to disconnect pins C7, E13, 


and FI3 (i.e., a socket with these pins 
removed). 


HOST SYSTEM REQUIREMENTS 
The user supplied host system can be either an IBM PC AT or Personal System/2 Model 60. Host 
system requirements 
to run the emulator include the following: 


• DOS version 4.0, or Hewlett-Packard 
HP9000 
• A serial port or the National Instruments 
UNIX 
GPIB-PCII, GPIB-PCIIA, or MC-GPIB board 
• 640 Kbytes of RAM in conventional memory 
• A math coprocessor if either the optional 
• An Above board with 1 megabyte of RAM 
time tag board is used or if a math 
configured in expanded memory mode, 
coprocessor resides on the target system 
EMM.SYS software version 3.2 
• A 20 MB hard disk 


ELECTRICAL 
CHARACTERISTICS 
I00-120V 
or 220-240V selectable 
50-60Hz 
2 amps (AC max) @ I20V 
1 amp (AC max) @ 240V 


ENVIRONMENTAL 
CHARACTERISTICS 
Operating temperature: 
+ lOoCto +400C 
(500Fto 104°F) 


Operating Humidity: 
Maximum of 85% 
relative humidity, 
non-condensing 
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ICETM-386 SX 20 MHz SPECIFICATIONS 
AND 
REQUIREMENTS 


The Emulator's Physical Characteristics 


Width 
Height 
Length 
Unit 
inches 
cm 
inches 
cm 
inches 
cm 


Base Unit 
13.4 
34.0 
4.6 
11.7 
11.0 
27.9 
Processor Module 
3.8 
9.7 
0.7 
1.8 
4.4 
11.2 
Optional Isolation Board 
3.8 
9.7 
0.5 
1.3 
4.4 
11.2 
Power Supply 
7.7 
19.6 
4.1 
10.4 
11.0 
27.9 
User Cable 
1.9 
4.8 
17.3 
43.9 
Target-Adapter 
Cable 
2.3 
5.3 
0.5 
1.3 
5.1 
13.0 
Serial Cable 
144 
366 
Optional Clips Pod 
3.3 
8.4 
0.8 
2.0 
6.0 
15.2 


The Processor Module and Bus Isolation Board Dimensions 


D...=.- 
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ICETM-386SX 20 MHz SPECIFICATIONS AND 
REQUIREMENTS 


ELECTRICAL SPECIFICATIONS 


The synchronization 
input lines must be valid 
for at least four CLK2 cycles as they are only 
sampled on every other cycle. These input lines 
are standard 
TTL inputs. The synchronization 
AC Specifications With the Bus Isolation Board Installed 


output lines are driven by TTL open collector 
outputs 
that have' 4.7K-ohm pull-up resistors. 


The synchronization 
input and output signals 
on the optional clips pod are standard 
TTL 
input and outputs. 


Symbol 
Parameter 
Minimum 
Maximum 
Notes 


tl 
CLK2 period 
50nS 
tlMax 
t2a 
CLK2 high time 
t2a Min +2 nS 
@2V 
t3b 
CLK2 low time 
t3bMin+2nS 
@0.8v 


t6 
A1-A23valid delay 
t6 Min + 3.5 nS 
t6 Max + 24.6 nS 
CL= 120 pF 
t7 
A1-A23 float delay 
tl4 Min + 5.5 nS 
tl4 Max+37.6 nS 
tB 
BLE#, BHE# LOCK# valid delay 
t8 Min + 3.5 nS 
tBMax+24.6 
CL=75pF 
t9 
BLE#, BHE# LOCK# float delay 
t14 Min + 5.5 nS 
tl4 Max+ 37.6 
tlO 
W IR#, M/IO#, 
D/C#, ADS# valid delay 
tIO Min + 3.5 nS 
tlO Min + 24.6 
CL=75 pF 
tU 
W IR#, M/IO#, 
D/C#, ADS# float delay 
tl4 Min + 5.5 nS 
tl4Max+37.6 
t12 
DO-D15write data valid delay 
t12 Min + 4.5 nS 
t12 Max + 20.6 
CL=120pF 


tl3 
DO-D15write data float delay 
7.5nS 
45.6nS 
tl4 
HLDA valid delay 
t14Min=3nS 
tl4 Max + 21.2 nS 
tl6 
NA# hold time 
tl6 Min + 10.6 nS 
t20 
READY # hold time 
t20 Min + 10.6 nS 
t21 
DO-D15read setup time 
t21 Min + 8.5 nS 


t22 
DO-D15read hold time 
t22 Min +7.6 nS 
t24 
HOLD hold time 
t24 Min + 10.6 nS 
t25 
RESET setup time 
t25 Min + 2.1 nS 
t26 
RESET hold time 
t26 Min + 2.1 nS 
t28 
NMI, INTR hold time 
t28 Min + 10.6 nS 
t30 
.PEREQ, ERROR # , BUSY# hold time 
t30 Min + 10.6 nS 
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SPECIFICATIONS 


Emulator Capacitance Specifications 
With the Target-Adapter CableInstalled 


Typical 
Symbol 
Description 
(Note 1) 


CIN 
Input Capacitance 


CLK2 
55pF 


READY # , ERROR# 
35pF 


HOLD, BUSY #, PEREQ, 
NA#, 
INTR, NMI 
20pF 


RESET 
30pF 


COUT 
Output or I/O Capacitance 


D15·DO 
50pF 


A1S-A1, BLE# 
40pF 


A23·A16, BHE#, 
D/C# 
30pF 


HLDA, W/R# 
55pF 


ADS#, M/IO#, 
LOCK# 
35pF 


Note 1: Not tested. These specifications 
include the 80386SX 


component 
and all additional 
emulator 
loading. 


Emulator DCSpecifications 


Without the Bus Isolation Board Installed 


Item 
Description 
Max. 
Notes 


PM·Ice 
Processor Module Supply Current 
386SX·Ice+ 
940mA 


IIH 
Input High Leakage Current 
A23·A1, BLE#, BHE#, 
D/C#, HLDA 
0.02mA 
1 
D1S-DO 
O.06mA 
1 
ADS#, M/IO#, 
LOCK # , READY # , 
ERROR # 
0.01 mA 
1 
W/R# 
0.03mA 
1 
I ( 


CLK2 
O.04mA 
1 
RESET 
O.06mA 
2 


IlL 
Input Low Leakage Current 
A23·A1, BLE#, BHE#, 
D/C# 
0.6mA 
1 
I r 


D15·DO 
O.06mA 
1 
ADS#, M/IO#, 
LOCK # , READY # , 


ERROR # 
O.OlmA 
1 
W/R# 
0.51mA 
1 
CLK2 
0.62mA 
1 
RESET 
0.6mA 
2 
HLDA 
0.02mA 
1 


Note 1: ThIS specification 
ISthe DC input loading of the emulator 
circuitry 
ouly and does not 


include any 80386SX leakage current. 
Note 2: This specification 
replaces the 80386SX specification 
for this signal. 
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SPECIFICATIONS 


Emulator 
DC Specifications 
With the Bus Isolation 
Board Installed 


Item 
Description 
Min. 
Max. 


BIB-Ice 
Bus Isolation Board Supply Current 
PM-Icc+ 
350mA 
VOL 
Output Low Voltage (lOL= 48 mAl 
A23-A1, BLE#, 
BHE#, 
D/C#, 
ADS# 
0.5v 
D15-DO, M/IO#, 
LOCK#, W/R# 
0.5v 
HLDA (IOL= 24 mAl 
0.44 v 


VOR 
Output High Voltage (IOR= 3 mAl 
A23-A1, BLE#, 
BHE#, 
D/C#, 
ADS# 
2.4 v 
D15-DO, M/IO #, LOCK #, W/R# 
2.4v 
HLDA (IOR= 24 mAl 
3.8v 
IIH 
Input High Current 
CLK2,RESET 
1.0/LA 
READY # 
2.5/LA 
IlL 
Input Low Current 
CLK2,RESET 
1.0/LA 
READY # 
250/LA 


110 
Output Leakage Current 
A23-A1, BLE#, BHE#, 
D/C#, 
ADS # 
±20 /LA 
D15-DO, M/IO#, 
LOCK#, W/R# 
±20mA 


PROCESSOR 
MODULE 
INTERFACE 
CONSIDERATIONS 


With the processor module directly attached 
to 
the target 
system without 
using the bus 
isolation board, the target system must meet 
the following requirements: 
• The user bus controller 
must only drive the 
data bus during a valid read cycle ofthe 
emulator 
processor or while the emulator 
processor is in a hold state (the emulator 
processor uses the data bus to communicate 
with the emulator 
hardware). 


• Before driving the address bus, the user 
system must gain control by asserting 
HOLD 
and receiving HLDA. 


• The user reset signal is disabled during the 
interrogation 
mode. It is enabled in 
emulation, 
but is delayed by 2 or 4 CLK2 
cycles. 
• The user system must be able to drive one 
additional 
TTL load on all signals that go to 
the emulation 
processor. 


When the target system does not satisfy the 
first two restrictions, 
the bus isolation board is 
used to isolate the emulation 
processor from 
the target system. With the isolation board 
installed, 
the processor CLK2 is restricted 
to 
running 
at 20 MHz. 


The processor module derives its DC power 
from the target system through 
the 80386SX 
socket. It requires 
1400mA, including 
the 
80386SX current. 
The isolation board requires 
an additional 
350mA. 


The processor must be socketed, for example 
using Textool 2-0100-07243-000 or AMP 
821949-4 sockets. 


The printed 
circuit board design should locate 
the processor socket at the physical ends of the 
printed circuit board traces that connect the 
processor to the other logic of the target 
system. This reduces transmission 
line noise. 


Additionally, 
if the target system is enclosed in 
a box, pin one of the processor socket should be 
oriented 
away from the target system's box 
opening to make connecting 
the target-adapter 
cable easier. 
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ICETM-376SPECIFICATIONS AND REQUIREMENTS 


HOST SYSTEM REQUIREMENTS 


The user supplied host system can be either an IBM PC AT or Personal System/2 Model 60. Host 
system requirements 
to run the emulator include the following: 


• DOS version 4.0, or Hewlett-Packard 
HP9000 
• A serial port or the National Instruments 
UNIX 
GPIB-PCII, GPIB-PCIIA, or MC-GPIB board 
• 640 Kbytes of RAM in conventional memory 
• A math coprocessor if either the optional 
• An Above board with 1 megabyte of RAM 
time tag board is used or if a math 
configured in expanded memory mode, 
coprocessor resides on the target system 
EMM.SYS software version 3.2 
• A 20 MB hard disk 


ELECTRICAL 
CHARACTERISTICS 
100-120V or 220-240V selectable 
50-60Hz 
2 amps (AC max) @ 120V 
1 amp (AC max) @ 240V 


ENVIRONMENTAL 
CHARACTERISTICS 


Operating temperature: 
+ 10°Cto +40°C 
(50°F to 104°F) 


Operating Humidity: 
Maximum of 85% 
relative humidity, 
non-condensing 
The Emulator's Physical Characteristics 


Width 
Height 
Length 
Unit 
inches 
cm 
inches 
cm 
inches 
cm 


Base Unit 
I 
13.4 
34.0 
4.6 
11.7 
11.0 
27.9 
Processor Module 
3.8 
9.7 
0.7 
1.8 
4.4 
11.2 
Optional Isolation Board 
3.8 
9.7 
0.5 
1.3 
4.4 
11.2 
Power Supply 
7.7 
19.6 
4.1 
10.4 
11.0 
27.9 
User Cable 
1.9 
4.8 
17.3 
43.9 
lOO-PinTarget-Adapter 
Cable 
2.3 
5.3 
0.5 
1.3 
5.1 
13.0 
8B-Pin Target-Adapter 
Cable 
2.3 
5.3 
0.5 
1.3 
5.8 
14.7 
Serial Cable 
144 
366 
Optional Clips Pod 
3.3 
8.4 
0.8 
2.0 
6.0 
15.2 
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ICETM-376 SPECIFICATIONS 
AND REQUIREMENTS 


The Processor Module and Bus Isolation Board Dimensions (88 Pin PGA) 
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ICETM-376 SPECIFICATIONS 
AND REQUIREMENTS 


The Processor Module and Bus Isolation Board Dimensions (100Pin PQFP) 
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ICETM-376SPECIFICATIONS AND REQUIREMENTS 


ELECTRICAL SPECIFICATIONS 


The synchronization 
input lines must be valid 
for at least four CLK2 cycles as they are only 
sampled on every other cycle. These input lines 
are standard 
TTL inputs. The synchronization 
AC Specifications With the Bus Isolation Board Installed 


output lines are driven by TTL open collector 
outputs that have 4.7K-ohm pull-up resistors. 
The synchronization 
input and output signals 
on the optional clips pod are standard 
TTL 


input and outputs. 


Symbol 
Parameter 
Minimum 
Maximum 
Notes 


tl 
CLK2period 
50nS 
tlMax 


t2a 
CLK2 high time 
t2aMin+2nS 
@2V 
t3b 
CLK2 low time 
t3bMin+2 
nS 
@0.8v 
t6 
A1-A23 valid delay 
t6 Min + 3.5 nS 
t6 Max + 24.6 nS 
CL= 120 pF 


t7 
A1-A23 float delay 
tl4 Min + 5.5 nS 
tl4 Max+37.6 nS 
tS 
BLE#, BHE# LOCK# valid delay 
tS Min + 3.5 nS 
tSMax+24.6 
CL=75pF 
t9 
BLE#, BHE 11LOCK# float delay 
tl4 Min + 5.5 nS 
tl4Max+37.6 
tlO 
W/R#, 
M/lOll, 
D/CII, 
ADS 11valid delay 
tlO Min + 3.5 nS 
tlO Min + 24.6 
CL=75pF 


tll 
W/R#, 
M/lOll, 
D/C#, ADS 11float delay 
tl4 Min + 5.5 nS 
tl4Max+37.6 
tl2 
DO-D15write data valid delay 
tl2 Min + 4.5 nS 
tl2 Max + 20.6 
CL=120pF 
tl3 
DO-D15write data float delay 
7.5nS 
45.6nS 
tl4 
HLDA valid delay 
tl4 Min=3 nS 
tl4 Max + 21.2 nS 


tl6 
NAil 
hold time 
tl6 Min + 10.6 nS 


t20 
READY 11hold time 
t20 Min + 10.6 nS 
t21 
DO-D15read setup time 
t21 Min + 8.5 nS 
t22 
DO-D15read hold time 
t22 Min + 7.6 nS 


t24 
HOLD hold time 
t24 Min + 10.6 nS 


t25 
RESET setup time 
t25 Min + 2.1 nS 
t26 
RESET hold time 
t26 Min + 2.1 nS 
t28 
NMl, lNTR hold time 
t28 Min + 10.6 nS 
t30 
PEREQ, ERROR 11, BUSY # hold time 
t30 Min + 10.6 nS 
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SPECIFICATIONS 


Emulator Capacitance Specifications 
With Target-Adapter Cable Installed 


Typical 
Symbol 
Description 
(Note 1) 


CIN 
Input Capacitance 
CLK2 
55pF 
READY #, ERROR# 
35pF 
HOLD, BUSY 11, PEREQ, NA 11, 
INTR,NMI 
20pF 
RESE'r 
30pF 
CoUT 
Output or I/O Capacitance 
O15-DO 
50pF 
Al5-A1, BLEII 
40pF 
A23-A16, BHEII, 
D/CII 
30pF 
HLDA,W/RII 
55pF 
ADS#, M/lOll, 
LOCK 11 
35pF 
• 


Note 1: Not tested. These specifications 
include the 80376 component 
and all 
additional 
emulator 
loading. 
Emulator DCSpecifications 
Without the Bus Isolation Board Installed 


Item 
Description 
Max. 
Notes 


PM-Ice 
Processor Module Supply Current 
376-lcc+ 
940mA 
Irn 
Input High Leakage Current 
A23-A1, BLE 11, BHEII, 
D/CII, 
HLDA 
0.02mA 
1 
O15-DO 
0.06mA 
1 
ADS 11, M/lOll, 
LOCK 11, READY 11, 
ERROR 11 
O.OlmA 
1 
W/RII 
0.03mA 
1 
CLK2 
O.04mA 
1 
RESET 
O.06mA 
2 
IlL 
Input Low Leakage Current 
A23-A1, BLEII, BHEII, 
D/CII 
0.6mA 
1 
O15-DO 
O.06mA 
1 
ADS 11, M/lOll, 
LOCK 11, READY 11, 
ERROR 11 
0.01 mA 
1 
W/RII 
0.51mA 
1 
CLK2 
0.62mA 
1 
RESET 
0.6mA 
2 
HLDA 
0.02mA 
1 


Note 1: This specification 
IS the DC input loading of the emulator 
circuitry 
only and does not 
include any 80376 leakage current. 


Note 2: This specification 
replaces the 80376 specification 
for this signal. 
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SPECIFICATIONS 


Emulator DC Specifications 
With the Bus Isolation Board Installed 


Item 
Description 
Min. 
Max. 


BIB-Ice 
Bus Isolation Board Supply Current 
PM-Ice + 
350mA 
VOL 
Output Low Voltage (IOL= 48 mAl 
A23-A1, BLE#, 
BHE#, 
D/C#, ADS # 
0.5v 
D15-DO, M/IO#, 
LOCK#, 
W/R# 
0.5v 
HLDA (IOL= 24 mAl 
0.44 v 
VOH 
Output High Voltage (IOH= 3 mAl 
A23-A1, BLE#, BHE#, 
D/C#, ADS# 
2.4 v 
D15-DO, M/IO#, 
LOCK#, 
W/R# 
2.4 v 
HLDA (IOH= 24 mAl 
3.8v 
IIH 
Input High Current 
CLK2,RESET 
1.0,...A 
READY # 
25,...A 
IlL 
Input Low Current 
CLK2,RESET 
1.0,...A 
READY # 
250,...A 


110 
Output 
Leakage Current 
A23-A1, BLE#, 
BHE#, 
D/C#, ADS# 
±20,...A 
D15-DO, M/IO#, 
LOCK#, 
W/R# 
±20,...A 


PROCESSOR 
MODULE 
INTERFACE 
CONSIDERATIONS 


With the processor module directly attached 
to 
the target 
system without 
using the bus 
isolation board, the target system must meet 
the following requirements: 
• The user bus controller 
must only drive the 
data bus during a valid read cycle of the 
emulator 
processor or while the emulator 
processor is in a hold state (the emulator 
processor uses the data bus to communicate 
with the emulator 
hardware). 


• Before driving the address bus, the user 
system must gain control by asserting 
HOLD 
and receiving HLDA. 


• The user reset signal is disabled during the 
interrogation 
mode. It is enabled in 
emulation, 
but is delayed by 2 or 4 CLK2 
cycles. 
• The user system must be able to drive one 
additional 
TI'L load on all signals that go to 
the emulation 
processor. 


When the target system does not satisfy the 
first two restrictions, 
the bus isolation board is 
used to isolate the emulation 
processor from 
the target 
system. With the isolation board 
installed, 
the processor CLK2 is restricted 
to 
running 
at 20 MHz. 


The processor module derives its DC power 
from the target system through 
the 80376 
socket. It requires 
1400mA, including 
the 
80376 current. 
The isolation board requires 
an 
additional 
350mA. 


The processor must be socketed, for example 
using Textool 2-0100-07243-000 or AMP 
821949-4 sockets. 


The printed 
circuit board design should locate 
the processor socket at the physical ends of the 
printed circuit board traces that connect the 
processor to the other logic of the target 
system. This reduces transmission 
line noise. 


Additionally, 
ifthe 
target system is enclosed in 
a box, pin one of the processor socket should be 
oriented 
away from the target system's box 
opening to make connecting 
the target-adapter 
cable easier. 
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ORDERING INFORMATION 


IN·CIRCUIT EMULATORS 
ORDER CODES 


pICE376D 
ICE376 In-circuit 
Emulator 
for 
80376 component. 
Operates 
to 
16 MHz. Includes control unit, 


. power supply, 376 Processor 
Module with PQFP adaptor, 
Stand-Alone 
Self-Test board, 


bus Isolation Board, and DOS 
3.x host software and interface 
cable. 
ICE37616H 
HP9000 hosted In-circuit 
Emulator 
for 80376 
component. 
Operates 
to 
16MHz. 
. 


ICE386SX20D 
ICE386SX 20 MHz In-circuit 
Emulator 
for 80386 SX 
component. 
Includes control 
unit, power supply, 386 SX 
Processor Module with PQFP 
,adaptor, 
Stand-Alone 
Self-Test 
board, bus Isolation Board, and 
DOS 3.x host software and 
interface 
cable. 


ICE386SX20H 
HP9000 hosted In-circuit 
Emulator 
for 80386 SX 
component. 
Operates 
to 
20MHz. 


pICE38625D 
ICE386 25 MHz In-circuit 
Emulator 
for 80386 DX 
component. 
Includes control 
" 


unit, power supply, 386 DX 
Processor Module with 132 pin 
PGA adaptor, 
Stand-Alone 
Self-Test board, bus Isolation 
Board, and DOS 3.x host 
software and interface 
cable. 


ICE386DX33D 
ICE386DX 33 MHz In-circuit 
Emulator 
for 80386 DX 
component. 
Includes control 
unit, power supply, 386 DX 
Processor Module with 132 pin 
PGA adaptor, 
Stand-Alone 
Self-Test board, bus Isolation 
Board, and DOS 3.x host 
software and interface 
cable. 


ICE386DX25H 
HP9000 hosted In-circuit 
Emulator 
for 80386 DX 
component. 
Operates 
to 
25MHz. 


ICE386DX33H 
HP9000 hosted In-circuit 
Emulator 
for the 386 DX 
component. 
This custom unit 
operates 
to 33 MHz. 
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ORDERING INFORMATION 


IN-CIRCUIT EMULATOR 
'CONVERSION KITS ORDER 
CODES 


pTOICE386SX20D 
Conversion kit to adapt 
emulator 
base to support 
the 80386 SX component. 
Operates 
to 20 MHz. 
Includes ICE386SX 
20 MHz Processor Module 
and DOS 3.x host 
software. 


pICE376T0386D 
Conversion kit to adapt 
ICE376 emulator 
to 
support the 80386 DX 
component 
at 25 MHz. 


Includes ICE386 25 MHz 
Processor Module and 
DOS 3.x host software. 


pICE386SXT0376D 
Conversion 
kit to adapt 
ICE386SX 16 or 20 MHz 
emulator 
to support the 
80376 component. 
Operates 
to 16 MHz. 


Includes ICE376 emulator 
Processor Module and 
DOS 3.x host software. 


pICE386SXT0386D 
Conversion kit to adapt 
ICE386SX 16 or 20 MHz 
emulator 
to support the 
80386 DX component 
at 
25 MHz. Includes !CE386 
25 MHz Processor Module 
.and DOS 3.x host 
software. 


pICE386T0376D 
Conversion 
kit to adapt 
ICE386 25 MHz emulator 
to support the 80376 
component. 
Operates 
to 
16 MHz. Includes ICE376 
emulator 
Processor 
Module and DOS 3.x host 
software. 


TOICE386DX33D 
Conversion 
kit to adapt 
emulator 
base to support 
the 80386 DX 33 MHz 
component. 
Operates 
to 
33 MHz. Includes 
ICE386DX 33 MHz 
emulator 
Processor 
Module and DOS 3.x host 
software. 


IN-CIRCUIT EMULATOR 
OPTION ORDER CODES 


p88PGAADAPT 
Adaptor 
for ICE376 
emulator 
to support 
88 pin PGA component 
packaging. 


pICE3XXCPO 
Clips Pod Option for 
ICE376, ICE386SX 16 or 
20 MHz, ICE386 25 MHz, 
and ICE386DX 33 MHz 
emulators. 


Time Tag Board Option 
for ICE376, ICE386SX 
16 or 20 MHz, ICE386 
25 MHz, and ICE386DX 
33 MHz emulators. 


2 MB Above Board. 


pICE3XXTTB 


DTOAB 
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COMPREHENSIVE DEVELOPMENT SUPPORT FOR THE 
INTEL 376™ EMBEDDED PROCESSORS 


280903-1 


The perfect complement to the Intel 376TMembedded processor is the optimum 
development solution. From a single source, Intel, comes a complete, synergistic 
hardware 
and software development toolset, delivering full access to the power of the 
Intel 376 architecture. 
Intel development tools are easy to use, yet powerful, with ease-of-use user interface 
techniques and productivity boosting features such as symbolic debugging. And you'll 
find Intel first to market with the tools needed to start development, and with lasting 
product quality and comprehensive support to keep development on-track. 
If what interests you is getting the best product to market in as little time as possible, 
Intel is the choice. 
FEATURES 
• Full speed emulation up to 20 MHz 
• Source line display and symbolics allow 
debugging in the context of the original 
program 
• Intel high-level languages provide 
architectural 
extensions for 
manipulating 
hardware directly without 
assembly language routines 
• A common object code format (Intel 
OMF386) supports symbolic debug and 
permits the intermixing 
of modules 
written in various languages-Intel's 
assembler, C, PL/M, and FORTRAN 


• A common OMF386 permits compilers 


and assembler to seamlessly operate 
with in-circuit and software debug tools 
• ROM-able code is output directly from 


the language tools, significantly reducing 
the effort necessary to integrate 
software 


into the final target system 
• Extensive support for the Intel 80387SX 
math coprocessor 
• Operation in DOS IBM PC AT", PS/2 
Model 60 and 80, or compatible) and 
VAX/VMS" 
hosted environments 
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INTEL 376TM FAMILY DEVELOPMENT SUPPORT 1_ 


280003-2 


Figure 
1: Intel Microprocessor 
Development 
Environment 


ASM 386™ MACRO ASSEMBLER 
Intel's ASM 386TMis a "high-level" 
macro 
assembler 
for developing 376 based embedded 


system. ASM 386 offers many features 
normally 
found only in high-level languages. 


The macro facility in ASM 386 saves 
development 
time by allowing common 
program 
sequences to be coded only once. The 
assembly language 
is strongly typed, 


performing 
extensive 
checks on the usage of 


variables 
and labels. 


Other Intel ASM 386 features 
include: 
• "High-level" 
assembler 
mnemonics 
to 


simplify the language 
• Structures 
and records for data 
representation 
• Support for Intel's standard 
object code 
format for source-level symbolic debug, and 
for linking object modules from other 
Inte1386/376 
languages 
• Full support for processor and math 
coprocessor instruction 
sets 
• 16 bit or 32 bit address overrides 
• Supports 
development 
for Virtual 
86, Real, 
286 Protected, 
and 386 Protected 
modes 


iC-386COMPILER 
Intel's iC-386 compiler provides special 
features 
for Intel 376 architectural 
support 
and code efficiency, for ease of use, and for 
compatibility 
with other Intel development 
tools. 


The iC-386 compiler produces code for Intel 
376 processor from C source files, and conforms 
to the ANSI standard 
(ANS X3.159-1989) for 
the C programming 
language. 


Key Intel iC-386 features 
include: 


• Controls to tailor the compilation 
for each 
step of your application 
development 
process 
• In-line versions of many ANSI-standard 
library functions 
• Uses expanded 
memory (LIM Version 3.0 
and higher) 
• Object code (including supplied run-time 
libraries) 
suitable for ROM 
• Three different 
levels of optimization 
• A choice of three segmentation 
memory 
models (small, compact, and flat) to create 
compact and efficient.code 
• In-line processor-specific 
functions 
and time- 


saving macros that provide access to the 
special features 
of the Intel376 
embedded 
processor 
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• In-line floating-point 
instructions 
for the 
387TMSXTMnumerics 
coprocessor 
• Time-saving 
macros and functions 
to help 
assembly language 
routines 
interface 
with 
lntel's 
high-level programming 
languages 
• The standard 
C run-time 
library plus 
libraries 
for floating-point 
support 
• An easy interface 
to lntel's 
non-C 
programming 
languages, 
along with object 
module compatibility 
between lntel C and 
non-C compilers 
• Support for source-level debugging using the 
lntel DB-386 Software Debugger 
• Programming 
with subsystems, 
allowing 
mixed segmentation 
memory models 
• Extensions 
to the ANSI C standard 
for 
compatibility 
with previous versions of 
lntel C 


The iC-386 libraries 
contain over 200 
functions. 
The libraries 
and header files make 
development 
ofiC-386 applications 
easier by 


providing: 
• Fast and efficient functions 
for common 
programming 
tasks 
• Interfaces 
to standard 
and custom execution 
environments 
• Built-in versions of some functions 


PLIM·386 COMPILER 
lntel's 
PL/M-386 is a structured 
high-level 
system implementation 
language 
for the lntel 
376 embedded processor. PL/M-386 supports 
the implementation 
of protected 
operating 
system software by providing built-in 
procedures 
and variables 
to access the lntel 
376 architecture. 


For efficient code generation, 
PL/M-386 
features 
four levels of optimization, 
a virtual 
symbol table, and four models of program 
size 


and memory usage. 


Other lntel PL/M-386 features 
include: 


• The ability to define a procedure 
as an 
interrupt 
handler 
as well as facilities for, 


generating 
interrupts 
• Direct support of byte, half-word, and word 
input and output from microprocessor 
ports 
• Upward compatibility 
with lntel PL/M-286 
and PL/M-86 source code 


PL/M-386 combines the benefits of a high-level 
language with the ability to access the Intel386 
architecture. 
For the development 
of systems 


software, PL/M-386 is a cost-effective 
alternative 
to assembly language 
programming. 


FORTRAN·386 COMPILER 


lntel's 
FORTRAN-386 compiler is a cross- 


compiler that supports 
the entire lntel 376 


embedded processor. 


FORTRAN-386 features 
high-level support for 
floating-point 
calculations, 
transcendentals, 
interrupt 
procedures, 
and run-time 
exception 
handling. 
Specifically, the FORTRAN-386 
language 
is a superset 
ofthe 
language 
described in the ANSI Fortran 
77 standard. 


The additions 
to that standard 
include the 
Department 
of Defense (DOD) extensions, 
extensions 
that support programs 
written 
for 


the ANSI Fortran 
66 standard, 
and extensions 


that support the 376 processor and 80387SX 
math coprocessors. 


To aid in the development 
and debugging 
process, the compiler generates 
warning 
and 
error messages and an optional listing file. The 
listing file can include symbol cross-reference 
tables and a listing of the generated 
386 


microprocessor 
assembly-language 
instructions. 
Library 
routines 
are reentrant 
and ROMable. 


Other lntel FORTRAN-386 compiler features 
include: 
• Object code can be configured 
to reside in 
either RAM or ROM 
• The program 
code can be optimized for 


execution speed or memory size 
• Source-level debugging is supported 
via the 


rich symbolics provided in the object module 
format (Intel OMF386) 
• Support for the proposed REALMATH 
IEEE 


floating point standard 


RLL-386 RELOCATION, 
LINKAGE, AND LIBRARY 
TOOLS 


The RLL-386 relocation, 
linkage, and library 
tools are a cohesive set of utilities 
featuring 
comprehensive 
support of the full lntel 376 
architecture. 
RLL-386 provides for a variety of 
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functions-from 
linking separate 
modules, 


building an object library, 
or linking in 387 SX 
support, to building a task to execute under 
protected 
mode or the multi-tasking, 
memory 
protected 
system software itself. Specifically, 


RLL-386 supports 
loadable, linkable, 
and 
bootloadable 
Intel object module formats; and 
supports 
all segmentation 
models, including 
FLAT. Map, librarian, 
and conversion 
(for 
outputting 
hex format code for PROM 
programming) 
utilities 
are included. 


EMUL-387, NUM-387 NUMERICS 
SUPPORT 
LIBRARIES 


Intel's EMUL-387 and NUM-387 Numerics 
Libraries 
fully support the 80387SX math 
coprocessor whether 
an actual math 
coprocessor is used in the final system or not. 


For 376 microprocessor 
based applications 
without a math coprocessor, EMUL-387, a 
numerics 
software emulator, 
will execute 
instructions 
as though the coprocessor were 
present. 
Its functionality 
is identical 
to that of 
the math coprocessor. It is ideal for 
prototyping 
and debugging floating-point 
application 
software independent 
of hardware. 


Further, 
this permits portability 
of application 
code regardless 
of the presence of math 
coprocessor hardware 
in target systems. 


For applications 
with a math coprocessor, 


NUM-387 numerics 
support library 
provides 
Intel's ASM 386, C-386, PL/M-386, and 
FORTRAN-386 language 
users with enhanced 
numeric 
data processing capability. 
With the 
library, 
it is easy for programs 
to do floating 
point arithmetic. 
Programmers 
can bind in 
library modules to do trigonometric, 
logarithmic 
and other numeric 
functions, 
and 
the user is guaranteed 
accurate, 
reliable 
results for all appropriate 
inputs. 


Intel's NUM-387 support library 
is a collection 


of four functionally 
distinct 
libraries: 
• Common elementary 
function library 


routines 
perform algebraic, 
logarithmic, 


exponential, 
trigonometric, 
and hyperbolic 
operations 
on real and complex numbers, 
as 


well as real-to-integer 
conversions; 
the 
routines 
extend the ranges of the coprocessor 


instructions 
• Initialization 
library routines 
set up the 
numerics 
processing environment 
for 80376 
microprocessor 
based systems with an 


80387SX or true software emulator 
• Decimal conversion 
library 
routines 
convert 


floating-point 
numbers 
from 80387SX binary 
storage format to ASCII decimal strings to 
80387SX binary and vice versa 
• Exception 
handling 
library 
routines 
make 


writing numerics 
exception handlers 
easier 
All support library modules are in 80386 
microprocessor 
object module format (Intel 
OMF386) so they can be linked with the object 
output of any Intel 80386 language. 
All 
routines 
are reentrant 
and ROMable. 


By using Intel's NUM-387, the user not only 
saves software development 
time, but is 
guaranteed 
that the numeric 
software meets 


industry 
standard 
(ANSIIIEEE 
standard 
for 
binary floating point arithmetic, 
754-1985) and 


is portable--software 
investment 
is 
maintained. 
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INTEL 376™ IN-CIRCUIT 
EMULATORS 
Intel 376 In-circuit Emulators embody 
exclusive technology that gives access to 
internal processor states that are accessible in 
no other way. Intel 376 processor fetch and 
execute instructions 
in parallel, with fetched 
instructions 
not necessarily executing in order 
of input. Because of this, an emulator without 
this access to internal processor states is prone 
to error in determining what actually occurred 
inside the microprocessor. With Intel's 
exclusive technology, Intel 376 emulator is one 
hundred percent accurate. In addition, 
internal access comes without signal buffer 
interference 
of processor timing. Operation is 
non-intrusive (zero wait-state). 
Opening the Door to Protected Mode 


The Intel 376 In-circuit Emulator opens the 
door to the full potential of the architecture 
with unparalleled 
support of protected mode. 


The emulator can display and modify task 
state segments and global, local, and interrupt 
descriptor tables (with symbolic access to all 
descriptor components like privilege level and 
segment type). Emulation memory of 128 
Kbytes or the optional 2 Mbytes of relocatable 
expansion memory can be used instead of 
target memory for code debugging. 
With symbolic debugging, memory locations 
can be examined or modified using symbolic 
references to the original program, such as 
procedure or a variable names, line numbers, 
or program labels. Source code associated with 
a given line number can be displayed, as can 
the type information of variables, such as byte, 
word, record, or array. Processor data 
structures, 
such as registers, descriptor tables, 
and page tables, can also be examined and 
modified using symbolic names. The symbolic 
debugging information for use with Intel 
development tools is produced by Intel 
OMF386 compatible languages. 
Flexible and Versatile Event Recognition 


Flexibility and versatility in event recognition 
makes short work of uncovering the most 
complex bugs. Bus even recognition circuitry 
may be used to trigger on specific or masked 
data input, output, read, written, or fetched at 
a physical address or range of addresses. Or on- 
chip debug registers may be used to trigger on 
virtual, linear, or symbolic addresses being 
executed, accessed, or written. 


Versatility shows in other triggering options- 
upon a task switch, an external signal from 
another emulator or a logic analyzer, multiple 
occurrences of an event, a full trace buffer, 
halt or shutdown cycles, or interrupt 
acknowledge. And up to four sequential event 
triggers can be combined with a high-level 
construct. 


The Intel 376 In-circuit Emulator continuously 
captures all bus activity and, as an option, 
execution information, into a trace buffer of 
4K frames with PRE, POST, and CENTEREO 
collection modes. The contents of the trace 
buffer can be displayed during full speed 
emulation in either execution cycle or 
machine-level instruction 
formats. 


Accessing the Power 
The power ofthe Intel 376 In-circuit Emulator 
is reflected in the sophisticated user interface. 
Refined for ease-of-use, the command line 
interface contains many features to boost 
productivityand 
customize functionality. 


On-line help, a syntax menu, command line 
editing, command history, and error message 
query promote ease oflearning 
and use. I/O 
redirection and the ability to escape the host 
operating system provide versatility for the 
power user. Customized procedures with 
variables and literal definitions can be created 
to assist in debugging or for manufacturing 
test or field service applications. 


SOFTWARE DEBUGGER 
Intel's OB386 is a useful tool for early software 
algorithm debug. It is an on-host software 
execution environment 
with source-level 
symbolic debug capabilities for object modules 
produced by Intel's assembler and high-level 
language compilers. For the DOS hosted 
version, this software debug environment 
allows 386 microprocessor code to be executed 
and debugged directly on a 386 OX or 386 
SXTMmicroprocessor based PC, without any 
additional target hardware required. With 
Intel's standard windowed human interface, 
users can focus their efforts on finding bugs 
rather than spending time learning and 
manipulating 
the debug environment. 
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Other Intel DB386 features 
include: 


• A run-time 
interface 
allows protected-mode 
376 microprocessor 
programs 
to be executed' 


directly on a 386 DX or 386 SX 
microprocessor 
based PC 
• Drop-down menus make the tool easy to 
learn for new or casual users. A command 
line interface 
is also provided for more 
complex problems 
• Watch windows (which display user-specified 
variables), 
trace points, and breakpoints 


(including fixed, temporary, 
and conditional) 


can be set and modified as needed, even 
during a debug session 


• The user can browse source and callstacks, 


observe processor registers, 
and access watch 
window variables 
by either the pull down 
menu or by a single keystroke 
using the 
function keys 
• An easy-to-use disassembler 
and single-line 
assembler 
speeds the debug process 


• The user need not know whether 
a variable 
is an unsigned integer, a real, or a 
structure-the 
debugger uses the wealth of 
typing information 
available 
in Intel 
languages 
to display program 
variables 
in 
their respective 
type formats 


ICETM-376SPECIFICATIONS AND REQUIREMENTS 


HOST SYSTEM REQUIREMENTS 


The user supplied host system can be either an IBM@ PC AT@or Personal 
System/2@ Model 60. 


Host system requirements 
to run the emulator 
include the following: 


• DOS version 4.0, or Hewlett-Packard 
HP9000 
• A serial port or the National 
Instruments 
UNIX 
GPIB-PCIITM, GPIB-PCIIATM, or 
• 640 Kbytes of RAM in conventional 
memory 
MC-GPIBTM board 
• An Above™ board with 1 megabyte 
of RAM 
• A math coprocessor if either the optional 
configured 
in expanded 
memory mode, 
time tag board is used or if a math 
EMM.SYS software version 3.2 
coprocessor resides on the target 
system 
• A 20 MB hard disk 
' 


ELECTRICAL 
CHARACTERISTICS 
lOO-120V or 220-240V selectable 
50-60 Hz 
2 amps (AC max) 
@ 120V 
1 amp (AC max) 
@ 240V 


ENVIRONMENTAL 
CHARACTERISTICS 


Operating 
Temperature: 
+ lOoCto +40°C 


(50°F to 104°F) 


Operating 
Humidity: 
Maximum 
of 85% 


relative 
humidity, 
non-condensing 


The Emulator's Physical Characteristics 


Width 
Height 
Length 
Unit 
inches 
cm 
inches 
cm 
inches 
cm 


Base Unit 
13.4 
34.0 
4.6 
11.7 
11.0 
27.9 
Processor Module 
3.8 
9.7 
0.7 
1.8 
4.4 
11.2 
Optional Isolation Board 
3.8 
9.7 
0.5 
1.3 
4.4 
11.2 
Power Supply 
7.7 
19.6 
4.1 
10.4 
11.0 
27.9 
User Cable 
1.9 
4.8 
17.3 
43.9 
lOO-Pin Target-Adapter 
Cable 
2.3 
5.3 
0.5 
1.3 
5.1 
13.0 
8B-Pin Target-Adapter 
Cable 
2.3 
5.3 
0.5 
1.3 
5.8 
14.7 
Serial Cable 
144 
366 
Optional Clips Pod 
3.3 
8.4 
0.8 
2.0 
6.0 
15.2 
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ICETM-376 SPECIFICATIONS' 
AND REQUIREMENTS 


The Processor Module and Bus Isolation Board Dimensions (88 Pin PGA) 


1-------17.5" 
-----4------4 


O 


---=-:.--=-=-- 
--=-----=- 


- 
-:-~- 
----- 


.r---=.r-- 
PIN 
1 


1-1 
------------ 
26.7"------------1 


c:PEJB====~ISS=====----I==I:L::::::r_-+~1 
•• 
~el~-~~I 
1.2" 


1-----,--- 
12.7" -----~~---___4 


----- 


~~.:.-- 
PIN 
1 
O -- -'--~-~=- -- 


-=-=--------=-=- 
-=---==- 


1------------22.°"------------1 


6Q 
r~"k@ 
__ 
eii§S:~==____t:E 
•• ~' 


The Processor Module and Bus Isolation Board Dimensions (100Pin PQFP) 


1-------17.5" 
----:----~---___4 


------- 
~---- 
o 
-.-~---:~=------ 


be: 
1---------IS----26.7"-____I--L--f-f-,-~--I---,a::::::;u.~1 


1.3" 
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ICETM-376 SPECIFICATIONS 
AND REQUIREMENTS 


The Processor Module and Bus Isolation Board Dimensions (100Pin PQFP) (Continued) 


PIN 
1 


1---------- 
12.7"-1----~1_-------4 


11------------------22.0 
.•--------------1 
6§ 


1I,---"ki_ii§~~~,a==u;= 


280903-7 


ELECTRICAL SPECIFICATIONS 
The synchronization 
input lines must be valid 
for at least four CLK2 cycles as they are only 
sampled on every other cycle. These input lines 


are standard 
TTL inputs. The synchronization 
output lines are driven by TTL open collector 
outputs 
that have 4.7K-ohm pull-up resistors. 


The synchronization 
input and output signals 
on the optional clips pod are standard 
TTL 
input and outputs. 


AC Specifications With the Bus Isolation Board Installed. 


Symbol 
Parameter 
Minimum 
Maximum 
Notes 


tl 
CLK2 period 
~ 
-- 
50nS 
tlMax 
t2a 
CLK2 high time 
t2a Min+ 2 nS 
@2V 
t3b 
CLK2 low time 
t3b Min+2 nS 
@0.8v 
t6 
A1-A23 valid delay 
t6 Min + 3.5 nS 
t6 Max + 24.6 nS 
CL=120pF 
- 
t7 
A1-A23 float delay 
tl4 Min + 5.5 nS 
tl4 Max + 37.6 nS 
tS 
BLE #, BHE # LOCK# valid delay 
t8 Min + 3.5 nS 
tSMax+24.6 
CL=75pF 
t9 
BLE# , BHE # LOCK# float delay 
tl4 Min + 5.5 nS 
tl4Max+37.6 
t10 
WIR#, M/IO#, 
D/C#, ADS# valid delay tlO Min + 3.5 nS 
tlO Min + 24.6 
CL=75pF 
tU 
W/R#,M/IO#,D/C#,ADS# 
float delay 
tl4 Min + 5.5 nS 
tl4Max+37.6 
tl2 
OO-D15write data valid delay 
tl2 Min + 4.5 nS 
tl2 Max + 20.6 
CL= 120 pF 
tl3 
00-D15 write data float delay 
7.5nS 
45.6nS 
tl4 
HLDA valid delay 
tl4 Min=3 nS 
tl4 Max + 21.2 nS 
tl6 
NA # hold time 
tl6 Min + 10.6 nS 
t20 
READY # hold time 
t20 Min + 10.6 nS 
t21 
OO-D15read setup time 
t21 Min + 8.5 nS 
t22 
OO-D15read hold time 
t22 Min + 7.6 nS 
t24 
HOLD hold time 
t24 Min + 10.6 nS 
t25 
RESET setup time 
t25 Min + 2.1 nS 
t26 
RESET hold time 
t26 Min + 2.1 nS 
t28 
NMI, INTR hold time 
t28 Min + 10.6 nS 
t30 
PEREQ, 
ERRORi!', 
BUSY# hold time 
t30 Min + 10.6 nS 
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SPECIFICATIONS 


Emulator 
Capacitance 
Specifications 
With Target-Adapter 
Cable Installed 


Typical 
Symbol 
Description 
(Note 1) 


CIN 
Input Capacitance 
CLK2 
55pf 
READY#, 
ERROR # 
35pf 
HOLD, BUSY #, PEREQ, NA #, 
INTR,NMI 
20pf 
RESET 
30pf 
COUT 
Output or I/O Capacitance 
D15·DO 
50pf 
A15·A1, BLE# 
40pf 
A23·A16, BHE#, 
D/C# 
30pf 
HLDA, W/R# 
55pf 
ADS#, M/IO#, 
LOCK # 35pf 


Note 1: Not tested. These specifications 
include the 80376 component 
and 
all additional 
emulator 
loading. 
Emulator 
DC Specifications 
Without the Bus Isolation 
Board Installed 


Item 
Description 
Max. 
Notes 


PM·lee 
Processor Module Supply Current 
376-ICC+ 
940mA 
IIH 
Input High Leakage Current 
A23·A1, BLE#, 
BHE#, 
D/C#, HLDA 
0.02mA 
1 
D15·DO 
0.06mA 
1 
ADS#, M/IO#, 
LOCK # , READY # , 
, 
ERROR # 
O.OlmA 
1 
W/R# 
0.03m.A 
1 
CLK2 
0.04mA 
1 
RESET 
O.06mA 
2 
IlL 
Input Low Leakage Current 
A23·A1, BLE#, 
BHE#, 
D/C# 
0.6mA 
1 
.- 


D15·DO 
0.06mA 
1 
ADS#, M/IO#, 
LOCK # , READY # , 
1-, 
ERROR # 
0.01 mA 
1 
W/R# 
0.51mA 
1 
CLK2 
0.62mA 
1 
RESET 
0.6mA 
2 
HLDA 
0.02mA 
1 


Note 1: This specification 
IS the DC input loading of the emulator 
circuitry 
only and does not 
include any 80376 leakage current. 


Note 2: This specification 
replaces the 80376 specification 
for this signal. 
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SPECIFICATIONS 


Emulator DC Specifications With the Bus Isolation Board Installed 


Item 
Descrlption 
Min. 
Max. 
BIB·Iee 
Bus Isolation Board Supply Current 
PM·Iee+ 
350mA 


VOL 
Output Low Voltage (IOL= 48 mAl 
A23-A1, BLE#, BHE#, 
D/C#, ADS# 
0.5v 
D15-oo,M/IO#,LOCK#, 
W/R# 
O.5v 
HLDA CIoL= 24 mAl 


\ 
0.44. v 
Output High Voltage (IOH= 3 mAl 


A23-A1, BLE#, BHE#, 
D/C#, ADS# 
2.4v 
D15-oo, M/IO#, LOCK#, W/R# 
2.4 v 
HLDA (IOH= 24 mAl 
3.8v 
Irn 
Input High Current 
CLK2, RESET 
1.0 t-tA 
READY # 
, 
25t-tA 
IlL 
Input Low Current 
CLK2,RESET 
1.0t-tA 
READY # 
25Ot-tA 
IIO 
Output Leakage Current 
A23-A1, BLE#, BHE#, 
D/C#, ADS# 
±2Ot-tA 
D15-oo, M/IO#, LOCK #, WIR# 
±2Ot-tA 


PROCESSOR 
MODULE 
INTERFACE 
CONSIDERATIONS 


With the processor module directly attached 
to 
the target system without 
using the bus 
isolation board, the target system must meet 
the following requirements. 
• The user bus controller 
must only drive the 
data bus during a valid read cycle of the 
emulator 
processor or while the emulator 
processor is in a hold state (the emulator 
processor uses the data bus to communicate 
with the emulator 
hardware). 


• Before drivingthe 
address bus, the user 
system must gain control by asserting 
HOLD 
and receiving HLDA. 


• The user reset signal is disabled during the 
interrogation 
mode. It is enabled in 
emulation, 
but is delayed by 2 or 4 CLK2 
cycles. 


• The user system must be able to drive one 
additional 
TTL load on all signals that go to 
the emulation 
processor. 


When the target system does not satisfy the 
first two restrictions, 
the bus isolation board is 
used to isolate the emulation 
processor from 
the target system. With the isolation board 
installed, 
the processor CLK21s restricted 
to 
running 
at 20 MHz. 


The processor module derives its DC power 
from the target system through 
the 80376 
socket. It requires 
1400mA, including 
the 
80376 current. 
The isolation board requires 
an 
additional 
350mA. 


The processor must be socketed, for example 
using Textool2-0100-07243-000 
or AMP 
821949-4 sockets. 


The printed 
circuit board design should locate 
the processor socket at the physical ends of the 
printed circuit board traces that connect the 
processor to the other logic of the target 
system. This reduces transmission 
line noise. 


Additionally, 
if the target system is enclosed in 
a box, pin one of the processor socket should be 
oriented 
away from the target system's box 
opening to make connecting 
the target-adapter 
cable easier. 
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SERVICE, SUPPORT, AND 
TRAINING 


To augment 
its development 
tools, Intel offers 
a full array of seminars, 
classes, and 
workshops, 
field application 
engineering 
expertise, 
hotline technical 
support, and on- 
site service. 


Intel also offers a Gold Software Support 
package which includes: 


Technical software information 
phone 
support, 
Automatic 
distribution 
of software and 
documentation 
updates 
Access to the "Tool'I'alk" electronic 
bulletin 
board 


Intel's Hardware 
Support package includes: 


Technical 
hardware 
information 
phone 
support, 
Warrantee 
on parts/labor/material 
On-site hardware 
support 
One Customer 
Training 
Course of choise, 
plus discounts on additional 
customer 
training 
and SE consulting 


SOFTWARE DEVELOPMENT 
TOOL 
Order Code 
Description 


D86ASM386NL 
DOS Macro Assembler 
supports 
80386/80376 


D86C386NL 
DOS C Compiler supports 
80386/80376 
D86PLM386NL 
DOS PL/M 
Compiler 
supports 
80386/80376 


D86FOR386NL 
DOS FORTRAN Compiler 
supports 
80386/80376 


D86RLL386NL 
DOS S/W DEV Package 
Builder IBinder IMapper 1 
Librarian. 
Supports 
803861 
80376 


DASM386PLUS 
DOS ASM Developers Kit; 
Inc. ASM, NUM, RLL and 
EMUL 


DB386 
DOS S/W Debugger for 
80386 


D86NUM387NL 
DOS 80387 Numerics 
Libraries 


EMUL387SU 
387 Numerics 
Coprocessor 
S/W Emulator 
object code 


EMUL387RO 


EMUL387RF 


EMUL-387 to form 
derivative 
works. 
Requires incorporation 
fee 
. 


Requires prior purchase 
of EMUL-387RF 


EMUL-387 one time 
incorp fee 


IN·CIRCUIT EMULATOR 


pICE376D 


ICE37620D 


REM386SX376 


pICE386T0376D 


ICE376 In-circuit 
Emulator 
for 80376 
component. 
Operates 
to 
16 MHz. Includes control 
unit, power supply, 376 
Processor Module with 
PQFP adaptor, 
Stand- 
Alone Self-Test board, bus 
Isolation Board, and DOS 
3.x host software and 
interface 
cable. 


ICE376 In-circuit 
Emulator 
for 80376 
component. 
Operates 
to 
20 MHz. Includes control 
unit, power supply, 376 
Processor Module with 
PQFP adaptor, 
Stand- 
Alone Self-Test board, bus 
Isolation Board, and DOS 
3.x host software and 
interface 
cable. 


2 Mbytes relocatable 
expansion 
memory 


Conversion 
kit to adapt 
ICE386 25 MHz emulator 
to support the 80376 
component. 
Operates 
to 
16 MHz. Includes ICE376 
emulator 
Processor 
Module and DOS 3.x host 
software. 


pICE386SXT0376D 
Conversion kit to adapt 
ICE386SX 16 or 20 MHz 
emulator 
to support 
the 
80376 component. 
Operates 
to 16 MHz. 


Includes ICE376 emulator 
Processor Module and 
DOS 3.x host software. 
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p88PGAADAPT 


pICE3XXCPO 


Adaptor for ICE376 
pICE3XXTTB 
emulator 
to support 88 
pin PGA component 
packaging. 


Clips Pod Option for 
ICE376, ICE386SX 16 or 
DTOAB 
20 MHz, ICE386 25 MHz, 
and ICE386DX 33 MHz 
emulators. 


Time Tag Board Option 
for ICE376, ICE386SX 16 
or 20 MHz, ICE386 25 
MHz, and ICE386DX 33 
MHz emulators. 


2 MB Intel Above Board. 
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